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Abstract: 
The quantum Hall states at filling factors  = 5/2	 and 7/2 are expected to have Abelian charge 
/2	 quasiparticles and non-Abelian charge /4 quasiparticles. We test this by measuring 
resistance oscillations as a function of magnetic field in a quantum Hall Fabry–Pérot 
interferometer. At  = 5/2, they have four dominant frequencies, as expected for transport due 
to these two types of quasiparticles. At  = 7/2, a different set of frequencies is expected, and 
the measured oscillations match those. Furthermore, our results indicate that the /4	oscillations 
are stable against fermionic parity fluctuations over long times (hours) near 5/2 and 7/2.  The 
observed stability further strengthens the case for using non-Abelian /4 quasiparticles for 
topological quantum computation.  
[2] 
 
 
Introduction to 5/2 interferometry: 
The fractional quantum Hall states at filling fractions  = 5/2 and 7/2 are predicted to 
have non-Abelian charge-/4 excitations if their ground states are in either the Pfaffian / Moore-
Read [1], anti-Pfaffian  [2, 3] or particle-hole-symmetric Pfaffian (‘PH-Pfaffian’) [4, 5, 6, 7] 
universality class. In addition to their electrical charge, these excitations also carry the non-
Abelian topological charge of Ising anyons [8, 9], which can be understood as the presence of a 
Majorana zero mode [10]. There are two fusion channels for a pair of such anyons: an Abelian 
charge-/2 excitation [3] (which is a “conventional” Laughlin quasiparticle), either with or 
without a neutral fermion [11]. The nature of these excitations—both their charge and 
statistics—can be probed by interferometry experiments [12, 13, 14, 15, 16, 17].  The non-
Abelian properties of the /4 quasiparticles should manifest themselves in the even-odd effect, 
whereby the interference between two different paths for an /4 quasiparticle is switched on or 
off whenever the difference between the paths encircles, respectively, an even or odd number of 
/4 quasiparticles. Meantime, the Abelian /2 quasiparticle should show interference regardless 
of the number of encircled quasiparticles, with a pattern similar to other Laughlin quasiparticles. 
In a realistic Fabry-Pérot interferometer, the interference pattern should consist of oscillations 
due to all types of charged quasiparticles present in the system. It is the goal of this study to 
experimentally determine the full set of observed oscillation frequencies at ν=5/2 and 7/2 and to 
compare the observed frequencies with theoretical predictions based on the braiding properties of 
the /2 and /4 quasiparticles.         
 Previous interferometry experiments at  = 5/2  [18, 19, 20, 21, 22] have observed 
resistance oscillations consistent with charge /4 and charge /2  excitations displaying, 
respectively, non-Abelian braiding and Abelian braiding statistics.  Meanwhile, noise [23], 
tunneling [24], and charge sensing measurements [25] at  = 5/2 have all found signatures of 
/4 quasiparticles but no indication of  /2 quasiparticles. These measurements did not probe 
the braiding statistics of the excitations, only their electrical charge.  By contrast, interferometry 
measurements can provide information about both the charge and the braiding statistics of the 
quasiparticles. A recent measurement of the thermal Hall conductivity [26] is an indirect probe 
of the topological order of the bulk and, therefore, an indirect measure, at best, of the presence of 
quasiparticles with non-Abelian braiding statistics in the bulk. 
Oscillations of the resistance of a mesoscopic quantum Hall island can be due to some 
combination of the Aharonov-Bohm effect and to Coulomb blockade effects. The latter are 
expected to dominate in smaller devices [27], and some early results [28, 29, 30] are consistent 
with this. However, previous measurements in relatively small quantum Hall interferometers at 
 = 5/2 and 7/3 [18, 19, 20, 21, 22] are consistent with Aharonov-Bohm oscillations, as are 
more recent measurements [31] at  = 1/3. 
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Fabry-Pérot interferometry in the 2D electron gas in the quantum Hall regime is due to 
interference between two different paths by which electrical current can flow from source to 
drain along edge states and across constrictions.  See Figure 1. The interference pattern is thus 
determined by the total phase difference accumulated along the two paths, which in turn consists 
of both the Aharonov-Bohm phase, determined by the charge of the propagating quasiparticles 
and the enclosed flux, and the statistical contribution, determined by the statistics of the 
quasiparticles and the number and type of the quasiparticles enclosed between the two paths. 
This overall phase difference can be changed experimentally by changing either the enclosed 
flux or the number of quasiparticles within the interferometer loop (see Figure 1). As is discussed 
in more detail in the Supplemental Materials, for Abelian quasiparticles this change is given by  
 ∗ = 2   
∗
  + 2∗∗  
(1) 
In this expression,  is the change in the encircled flux,  = ℎ/	 ≈ 41Gμm2 is the flux 
quantum, and ∗ is the change in number of the enclosed quasiparticles of charge ∗. Their 
braiding statistics is described by statistical angle ∗ – a phase acquired by the wavefunction 
upon counter-clockwise exchange of two identical quasiparticles. If the interfering quasiparticles 
are non-Abelian, the effect may be more pronounced as both the phase and the amplitude of the 
interference term can depend on the number of quasiparticles inside the interferometer [32], 
leading e.g. to the predicted even-odd effect for /4 quasiparticles in non-Abelian  = 5/2 or 
7/2 QH states.  
According to Eq. (1), two parameters can potentially be varied in interferometric studies: 
the encircled flux and the number of enclosed quasiparticles. While varying them independently 
may seem experimentally hard, the variation of different combinations of them is achieved by: 
(i) varying the side gate () at fixed magnetic field [19, 20, 21], and (ii) varying the magnetic 
field at fixed gate voltage [22].  The active area in an interferometer -- the area encircled by the 
current paths -- is defined by surface gates. Varying the applied voltages on these gates changes 
this area; consequently, it changes both the enclosed flux and the number of /4 quasiparticles 
randomly localized within the area. This method has shown signatures of both /2 and /4 
quasiparticles and also demonstrated a pattern of oscillations consistent with the non-Abelian 
nature of the latter, specifically the aforementioned even-odd effect [13, 14] whereby the 
Aharonov-Bohm oscillations associated with electrical transport by /4 quasiparticles is only 
observed when an even number of /4 quasiparticles is localized in the interferometer loop 
while Aharonov-Bohm oscillations associated with electrical transport by /2 quasiparticles is 
always observed. When the magnetic field is varied with fixed gate voltage, the enclosed 
magnetic flux number and the enclosed quasiparticle number change in tandem (see 
Supplemental Materials). The putative non-Abelian nature of /4 quasiparticles should manifest 
itself in specific small-period oscillations centered around 5  for the  = 5/2	state (and  7  for 
the  = 7/2	state), with  = 1/ being the oscillation frequency corresponding to the period of 
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one flux quantum.  This is a consequence of the combination of the even-odd effect and the 
systematic variation of the /4 quasiparticle number as the B-field is swept: the resistance 
oscillates with period corresponding to the flux needed to increase the quasiparticle number by 
two, namely period  = 2∗ ⁄ = (1/5) at  = 5/2.  Such high-frequency peaks were 
clearly present in the earlier study [22], consistent with non-Abelian /4 quasiparticles. 
However, a more complicated picture emerges when all quasiparticle types are considered.  
Specifically, if both /4	and /2 excitations are present, one should observe oscillations due to 
all permutations of interfering and enclosed quasiparticles. Specifically, in the simplest model 
that assumes the independence of the active area of the interferometer from the magnetic field 
(thus discounting the possibility of so-called Coulomb domination [17, 33]), the change in the 
number of bulk quasiparticles in response to the change in flux  is given by ∗ =
%&''() %
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(2) 
for the Abelian phase acquired by interfering quasiparticles of type a encircling bulk 
quasiparticles of type b, which is a straightforward generalization of Eq. (1) – see Supplemental 
Materials.  Direct application of this expression results in the oscillation periods of  for /
4	quasiparticles interfering around /2 quasiparticles and /2 for the /2	quasiparticles 
interfering around either /4 or /2 quasiparticles.  Finally, the interference of /4 around /4 
quasiparticles would naïvely result in the period of  for the Moore-Read Pfaffian state and 
2/3 for the anti-Pfaffian state (see Supplemental Materials for more detail). However, this is 
not the case since in both states the /4 excitations are actually non-Abelian. Therefore the 
interference turns on and off with each shift /0 = ±1, resulting in the aforementioned small 
period of  = /5. When the number of bulk /4 excitations is even, the interference is not 
simply governed by /0; it also depends on the fusion channel of the enclosed quasiparticles. 
There are three basic possibilities: (i) the fusion channel is fixed by the energetics and remains 
largely stable during the magnetic field sweep across the  = 5/2 plateau, (ii) the fusion channel 
is random but its autocorrelation time is longer or comparable to the time it takes to change the 
flux by one flux quantum, and (iii) the fusion channel fluctuates rapidly on the scale of  =
. Focusing on the first scenario, let us assume that the net fusion channel of the bulk 
quasiparticles is always trivial. Physically this means that from the point of view of interference, 
the bulk is equivalent to a collection of /2	quasiparticles, which would result in the 
aforementioned Abelian factor in the interference pattern, with period of  irrespective of the 
exact nature of the  = 5/2	state. The net result would be a convolution of non-Abelian 5 	and 
Abelian   oscillations, resulting in spectral peaks at 4  and 6 . Were the fusion channel to 
contain a fermion instead, the overall phase of Abelian oscillations would shift by π with no 
change in the oscillation period. In the second scenario, the fluctuations in the fusion channel 
would scramble the   component (due to random, but fixed, π phase shifts throughout a series of 
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peaks/valleys) thus eliminating the beats, resulting in a single spectral peak at 5 . Finally, in the 
third scenario, the interference of /4 excitations around other /4 excitations would be 
eliminated entirely: their interference is suppressed for odd numbers of enclosed /4 
quasiparticles by their non-Abelian nature and for even numbers by rapid phase fluctuations. 
Therefore, observations of high-frequency spectral peak(s) both in the previous [22] and present 
studies can be interpreted not only as a confirmation of the non-Abelian nature of the  = 5/
2	state but also as a validation of the results of the earlier side-gate studies as the main 
conceptual criticism of those was rooted in doubts about the fusion channel stability [34]. We 
should also note that the first and second scenarios may coexist within the sweep across the 
entire  = 5/2	 plateau: one could envision e.g. a situation whereby the parity is stable near the 
middle of the plateau while becoming progressively less stable closer to its margins, where the 
concentration of the bulk quasiparticles becomes larger and hence their typical distance to the 
edge smaller. The latter would enhance tunneling of neutral fermions between the edge and the 
localized quasiparticles, scrambling the well-defined fermionic parity in the bulk [34]. In such a 
case one would find oscillation peaks at 4 and 6  near the middle of the plateau and 5  in from 
its flanks. 
In summary, the observed resistance oscillations should result from a combination of the 
result of a charge /4 Ising anyon encircling another /4 Ising anyon; a charge /2 Abelian 
anyon encircling another charge /2 Abelian anyon; and a charge /4 Ising anyon encircling a 
charge /2 Abelian anyon (either with or without an additional neutral fermion). The first type 
of process leads to a resistance that oscillates with magnetic flux with frequency 5 . The second 
type of process results in oscillations with frequency 2 ; the amplitude of this oscillation can be 
tuned independently of the two other types of oscillations, effectively allowing for it to be turned 
on or off.  Finally, the third type of process has oscillation frequency  ; its convolution with the 
first type of process results in oscillation frequencies 5  ±  . In this model, the stability of the 
fermion parity will dictate if a measured spectrum has peaks at either (a) 1/,	 4/ and 	6/ 
or (b) 	at	 	and	5 ; in both cases, there is potentially a frequency 2  oscillation as well. 
The results presented in this study cover three principal points: 1) confirmation that the 
measured interference oscillation periods at  = 5/2 are consistent with theoretical predictions 
for non-Abelian /4 and Abelian /2 quasiparticles, 2) affirmation of the non-Abelian /4 and 
Abelian /2 model at  = 7/2, where the expected oscillation periods in this model are different 
from those at 5/2, and 3) demonstration that the non-Abelian degree of freedom, the fermionic 
parity, is robust and long lived, as shown both directly in interference resistance measurements 
and in their variation with magnetic field. 
In order to disentangle the different contributions to resistance oscillations as a function 
of magnetic field, we analyze their Fourier transform. In the first Results section, we show that 
the peaks in the Fourier transforms of different magnetic field sweeps (multiple cooldowns of 
several devices) correspond to all expected current-carrying edge quasiparticles encircling the 
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different possible bulk quasiparticles. The four possible oscillation periods described above are 
visible in the data. 
In this section, we specifically examine the spectral peak that we associate with transport 
by /2 quasiparticles.  The amplitude of this peak is found to have stronger dependence on the 
inter-edge distance at the constrictions that define the interferometer (d in Figure 1 schematic) 
than the spectral peaks associated with transport by /4 quasiparticles. These findings are 
consistent with the expectation that the tunneling amplitude for /2 quasiparticles drops faster 
with the tunneling distance [16, 35]. 
We then turn to the peak at  . This receives contributions from the AB effect of 
electrons and also from edge /4 quasiparticles encircling bulk /2 quasiparticles. To 
discriminate between these two effects, we examine the temperature dependence of this peak. 
The peak is present at relatively high temperatures, where there isn’t a well-developed  = 5/2 
state (as measured by the resistance minimum in bulk transport), and this is presumably due to 
the AB effect for electrons. At lower temperatures, there is noticeable enhancement of this peak, 
which we interpret as the contribution of /4 quasiparticles as the system condenses into the  =
5/2 state.  
In the second results section, we use the same technique for analyzing the periodicity of 
resistance oscillations in the  = 7/2 state, which is expected to have similar physics to the 5/2 
state. This state should also support both Abelian and non-Abelian quasiparticles of charge /2 
and /4 respectively, but the spectral peaks should occur at different frequencies from those at 
5/2 due to the dependence of the second term in Eq. (2) on the filling fraction. The observed 
oscillation spectra again show peak frequencies consistent with the expected braiding of non-
Abelian /4 and Abelian /2 excitations. 
The final section demonstrates the reproducibility and stability of the oscillations that are 
attributable to transport by non-Abelian /4  edge quasiparticles both at 5/2 and 7/2 filling. The 
measurements reported there demonstrate that the mesoscopic fluctuations that overlay the 
periodic oscillations are reproducible over repeated magnetic field sweeps over long time scales 
and as the field is swept in both directions. Both amplitude and phase of the oscillations are 
reproduced, with the latter strongly implying the temporal stability of the fusion channel of 
quasiparticles in the bulk.  Because of that, the phase stability is presently a subject of further, 
more detailed study.  
This demonstration of the full spectrum of interference oscillations at  = 5/2 and 7/2 
further strengthens the case for the non-Abelian nature of both states, and the stability of the 
oscillations shown here has important implications for the potential use of this system in 
quantum computation. 
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Methods:  
 The two-dimensional electron gases (2DEG) used here include GaAs/AlGaAs 
heterostructure quantum wells with different doping properties. All are modulation doped and of 
the highest quality:  all have greater than 20x106 cm2/V-sec mobility. Doping is from delta doped 
silicon layers on both sides of the quantum well, with an intermediate narrow (<2nm) shielding 
well of GaAs between the dopant layers and the principle quantum well (nominal width 20nm), 
or the silicon doping is contained within a narrow GaAs well (1nm) removed from and on either 
side of the principal quantum well, referred to as a doping well sample (see supplement for 
example structures).  The samples range in density from 3 to 4.5 x1011 electrons/cm2.  More than 
10 samples from 5 different wafers have been used for this study. 
 Contacts formed from Ni\Au\Ge\Ni layering are diffused into the perimeter of a mesa 
containing the 2DEG, and the areas between the contacts are left for deposition of the top gate 
structures that form the interferometers.  After contact formation and diffusion, a 30nm layer of 
amorphous SiN is deposited on the mesa to further insulate the 2DEG from the top gate 
structures.   The top gates are formed from Al and Au layers, Ti and Au and Al layers, or from Ti 
and Au layers.  The top gate layers do not exceed 120nm in thickness. 
 The samples are illuminated after mounting and cooling in a dilution refrigerator but 
prior to charging the top gates.  The temperature at which illumination is applied ranges from 
room temperature to the base temperature of ~20mK,and varies dependent upon the doping 
structure of the heterostructure to optimize transport quality.  Illumination is crucial to achieve 
maximum potential mobilities, and in particular to achieve the maximum 5/2 state energy gap. 
The illumination and gating sequences are referred to as the preparation. See supplement for 
more detail on the illumination and gating process.  In this study the sample number and 
preparation number are given for each data set; the sample number is a specific device, and the 
preparation number is the specific illumination and gating preparation for that data collection. 
 An interference device is shown schematically in Figure 1.   The top gates are charged to 
a negative voltage sufficient to fully deplete the underlying electron layer.  At high magnetic 
fields as prescribed for 5/2 filling factor (filling factor ν = electron areal density/magnetic flux 
density), the currents carrying the excitations of the fractional quantum Hall state will travel 
along the edge of these depleted areas, surrounding an area of the bulk filling factor ν. The 
important principal physical property of the interferometer device is two separated locations 
where these edge currents are brought in proximity (marked 1 and 2 in the Figure).  At these 
points backscattering from one edge to the other can occur, and with this backscattering two 
different current paths are established that can interfere, as shown by the dashed lines in the 
schematic.  The one path encircles the area marked A in the schematic, and changes in the 
magnetic flux number within area A or changes in the particle number within area A will cause 
phase accumulation for that path (the Aharonov-Bohm and statistical phase contributions). 
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Interference of that path and the one not entering the area A produce oscillations in the resistance 
measured across the interference device.  The voltages on the top gates can be adjusted to 
promote backscattering (gates marked ,) and to change the enclosed area A (gates marked ).  
The separation of the backscattering top gates, distance marked 	89 in Figure 1, is sufficiently 
large that for nominal voltages on , the backscattering is weak, an important feature to maintain 
the 5/2 fractional Hall state from outside to inside the active area A of the interferometer.  Note 
also that area A is ultimately the area which is enclosed by the edge currents in the quantized 
Hall systems, and so will not be the lithographic area but rather the electrostatically determined 
edge consequent to the applied gate voltages.  In one interferometer device type a small dot is 
placed centrally in the area A and is accessed by an air-bridge that extends over one of the side 
gates marked  in Figure 1. Another interferometer type has a top-gate placed specifically over 
the active area A that can be used to tune the density in A and the backscattering regions.   
Electron micrographs of the three interferometers are shown in Figure 1. 
  Two important points in the construction of the samples work to avoid Coulomb 
dominated effects and promote Aharonov-Bohm interference in the devices; as described above 
large separation between the backscattering gates, and specific layering of the heterostructure 
itself.  The large gate separation allows tuning of the backscattering around small reflection 
amplitudes, and so a nearly open geometry.  The shielding wells above and below the principal 
2D quantum well serve to inhibit charge accumulation. These wells display nominal conduction 
over large dimensions at high testing temperatures (~300mK) which appears as a background to 
the resistance.   Measurement of the integer filling interference in these samples (see data in the 
supplement) demonstrates constant phase slope consistent with Aharonov-Bohm interference and 
inconsistent with Coulomb domination. 
 Resistance, and resistance oscillations, are measured using low noise lock-in amplifier 
techniques.   A constant current (typically 2nA) is driven through the 2D electron system 
underlying the interferometer top gate structure, and the voltage, and so resistance, is determined 
with a four-terminal measurement.  The voltage drop along the same edge of the 2D electron 
system and across the device gives the longitudinal resistance :;; across the device and across 
the two edges of the 2D system gives diagonal resistance :<.  Similar measurements not across 
the interferometer device yield :== and :=> respectively. An example of longitudinal resistance 
:; across an interferometer is shown in Figure 1.  
 The interference oscillations in the measured resistance are examined for their 
frequencies by applying fast Fourier transforms (FFT) to the data.  Because the data are from a 
fractional quantum Hall resistance minimum, the minimum background is subtracted before the 
FFT is applied.  The background that is subtracted is determined equivalently by either a 
polynomial fit or a running large element smoothing of the minimum.   Figure 1D shows an 
example of this process; there the interference oscillations in :; around filling factor 3 are used 
to determine the integer Aharonov-Bohn interference frequency. 
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Results, Section 1: Power spectrum results of B-field sweep interference  
 
5/2 power spectra peaks at  , 2 , 4  and 6   
Here we present the basic interference results obtained in magnetic field sweeps at  =
5/2 and their interpretation in terms of Abelian /2  and non-Abelian /4 excitations.  Figure 
2A shows the power spectrum of a B-sweep around 5/2.  The overall background minimum in 
resistance at  = 5/2 is subtracted, revealing a set of oscillations, and a fast Fourier transform 
(FFT) of this residual resistance containing interference oscillations gives this power spectrum. 
Note that four prominent peaks occur in the Fourier spectrum at frequencies  , 2 , 4  and 6 .   
In a separate measurement near integer filling factor   = 3, a similar background subtraction 
and FFT are taken with the peak position of that spectrum marked in Figure 2A as the red 
vertical line.  The frequency of the spectral peak observed at the integer filling is consistent with 
frequency   of the prominent spectral peak at  = 5/2, allowing us to identify it with the 
Aharonov-Bohm periodicity of  expected for electron interference. The four observed spectral 
peaks at  = 5/2 shown here at  , 2 , 4   and 6  correlate well with those expected for a 
state supporting non-Abelian charge /4 quasiparticles and Abelian charge /2 quasiparticles: 
these four frequency peaks correspond to all the expected combinations of current carrying edge 
and localized bulk 5/2 quasiparticles, as described in the previous section. Delineation of these 
peaks and their origins is the focus of this study. 
In the power spectrum presented in Figure 2A the amplitudes of the four dominant peaks 
at  , 2 , 4  and 6  drop progressively with the frequency, a common property of these 
spectra as displayed below.  The base frequency,  , depends on the size of the interferometer, as 
seen by comparing the power spectra from different devices, but the ratios of the power spectrum 
positions are still at or close to  1:2:4:6.  The spectral features shown in Figure 2A are sharp, in 
part due to the low temperature of 20mK, but also due to details of this particular interferometer 
construction.  Larger devices have larger separation in the spectral features (  ∝ @) and, 
consequently, better resolution, but the amplitudes of the higher frequency features at 4  and 
6 	are reduced in the largest devices tested.  A repetition of this measurement on the same 
device but days later is shown in Figure 3A (part of another study):  the dominant peaks and their 
frequencies are preserved. The frequencies of these peaks are consistent with the model 
delineated above of non-Abelian /4 edge excitations interfering around /4 bulk excitations 
(power spectrum peaks at 4  and 6 ), /4 around /2 ( ), and Abelian /2 around /2 (2 ) 
according to a sweep of B-field.  See schematic in Figure 2A.  
Figure 2B shows more Fourier transforms of oscillations as a function of field at 5/2, but 
in devices on other heterostructure wafers and from different cooldowns.  One spectrum shows 
an obviously different set of peaks: the  , 4  and 6  peaks are present, but the 2  peak is 
decidedly absent.  Between /4  and /2 excitations, this peak is the only one attributable to the 
latter.  This point will be addressed below and in Figure 3. The second spectrum in Figure 2B 
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again shows clearly a set of dominant peaks at  , 2 , 4  and 6 , but is taken from a 
heterostructure of different design than those shown elsewhere in this study.   This 
heterostructure, a doping well structure, has a different doping profile and requires a different 
gating and illumination sequence to achieve optimum mobility.  Note that both heterostructure 
designs can demonstrate either the full set of peaks in the Fourier transform at  , 2 , 4   and 
6 , or the limited spectrum with just  , 4   and 6 , via the mechanism described below in 
this section; the heterostructure design is not the determining factor for which of these two 
possibilities occurs. Both this doping well design and that of the other heterostructure design 
(shielded wells) produce the highest quality 2D electron systems as defined by robust 5/2 states.  
This high-quality material, and interferometer devices that preserve electron correlations, are 
necessary to resolve all of these different oscillations. 
In previous studies [21] using generally smaller interferometer devices, the peaks at 4  
and 6  were in some instances not resolved, resulting in single spectral peak at 5 . Observation 
of distinct 4  and 6  peaks versus a single peak 5  likely results from better stability of 
fermion parity on experimentally-relevant timescales, as described above in the introductory 
section. This in turn could be related to the device parameters such as size, as is discussed below 
and in the Supplementary Information.  
The power spectra data shown thus far are summarized in the bottom panel of Figure 2B. 
In this plot, peak positions are normalized by their respective   values and the frequencies of 
measured peaks identified as 2 , 4  and 6 , whenever present, are plotted against the actual 
multiples of  .  Agreement with the line demonstrates validity of that identification of the 
multiples.  
 Further 5/2 spectra with and without the 2  peak, and spectra in which the 5  peak is 
or isn’t split to 4  and 6 , from different samples and sample preparations, are shown in the 
Supplemental Information.  As described above in the introduction, and further reviewed in the 
supplement, the observation of the 4  and 6  peaks indicates that the fermionic parity stability 
is sufficiently long to allow modulation of the rapid  5/  oscillations by slower 1/ 
oscillations over the experimental time scale necessary to sweep that larger period.  This power 
spectrum result implies that the fermionic parity can be stable over hours.  Further testing of this 
finding is shown in the last results section. 
Past measurements [22] in similar heterostructures and over a range of interferometer 
sizes focused on demonstrating the high frequency oscillations, occurring at 5  ±  , that are 
attributable to the non-Abelian properties of /4	quasiparticles.  In those measurements, the 
lower frequency features at   and 2  were filtered from the data to emphasize the discovered 
high frequency oscillations at 5  ±  , and also to minimize potential higher harmonic noise in 
an FFT.  By not employing that filtering, using generally larger interference devices, further 
minimizing potential negative impact of device fabrication on the quality of the electron gas, and 
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most importantly improving heterostructure sample quality, we were able to examine the full 
frequency range of the expected oscillations.  
These experimental improvements allowed us to address key questions concerning the 
lower-frequency features: (1) Can the   peak be reliably identified with /4 edge quasiparticles 
encircling bulk /2 quasiparticles or is there potentially a significant background contribution 
from electron interference which occurs with the same periodicity . (2) The 2  (2/) peak, 
an expected signature of /2 – /2 interference, can be absent from the observed spectra.  What 
physical mechanism controls that specific feature?  These questions are addressed below in this 
section.  In the following sections, we show results relying on improved samples and techniques 
in which we test our model at  = 7/2, which should also exhibit Abelian /2  and non-Abelian 
/4 braiding. This is followed by demonstrations of the stability and reproducibility of the non-
Abelian specific oscillations at both 5/2 and 7/2.  
 
The 2  peak and /2 braiding /2 
Next, we address the nature of the 2  peak predicted for /2 quasiparticles braiding 
around bulk /2 quasiparticles. An important property of the observed oscillation spectra at  =
5/2 presented here is variation of the magnitude of the 2  peak as a function of the separation 
between the inner edge currents in the backscattering constrictions (distance d in schematic of 
Fig. 1).  Figure 3A shows two complete power spectra in the same interferometer at 5/2 filling 
but where different voltages , and  are applied: the more negative the , value, the narrower 
the constrictions acting as “beam splitters”, which should change the backscattering (tunneling) 
amplitudes.  can be adjusted so that for two different , values, the interferometer areas A are 
kept essentially the same.  Standard longitudinal resistance (:;) measurements (see Figure 3A, 
right side panels) show little difference for the two different gate configurations.  Note that in the 
device with voltage , = −3.5V, the 2  peak is essentially absent.  In the device with , =
−9.0V, a large 2  peak is present.  We therefore conclude that the width d of the constriction 
(the separation between the QH edges – see Fig. 1) is an important factor controlling the 
presence of the peak at 2 .  The , voltages were adjusted to a range of values between the two 
shown in the full spectra of Figure 3A; the resulting plot of the measured ratio between the peak 
amplitudes at 2  and   as a function of , is shown in Figure 3B. According to our findings, as 
, becomes more negative (the backscattering distance d becomes smaller) the amplitude ratio 
increases.  This finding is consistently observed in multiple different heterostructure wafers and 
multiple different devices. 
This result can be understood as a consequence of the difference in tunneling probability 
of /4 and /2 edge excitations as a function of the tunneling distance d between the edges in 
the constrictions that form the interferometer. Theoretical analysis of the tunneling process of the 
excitations at 5/2 predicts that the amplitude of the		/2  tunneling process is suppressed by 
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comparison to the /4  tunneling due to the larger momentum transfer required for 
backscattering at a gated narrowing, with the effect becoming more pronounced as the tunneling 
distance increases [16].  This effect is illustrated in [35] where the dependence of the ratio 
between the /4 and /2 tunneling amplitudes as a function of the tunneling distance has been 
investigated numerically for the Moore-Read state. Our experimental findings are consistent with 
this picture, showing the amplitude of the 2  peak attributed to the /2 interference decreasing 
much faster with the distance than that of the peak at  . Note that the physics behind this effect 
should be insensitive to the precise nature of the  = 5/2 state; it is a consequence of the 
difference between different quasiparticles’ charges. This should be contrasted with the 
temperature and bias voltage dependence of these tunneling processes, which is expected to be 
governed by the quasiparticles’ scaling exponents. Those considerations would lead to different 
predictions for the anti-Pfaffian vs. both the Moore-Read and the PH-Pfaffian states, potentially 
allowing for discriminating between these states [16]. Our study is not sensitive to this 
distinction. 
We should also comment here that contrary to the analysis of [33], we do not expect to be 
able to distinguish between the Moore-Read, anti-Pfaffian and PH-Pfaffian states based on the 
location of the high-frequency spectral peaks. For the reasons mentioned earlier (and further 
elaborated in the Supplementary Information), the Abelian phase associated with the  /4 − /4 
braiding (which is different in these states) does not directly contribute to the AB phase observed 
in the experiment; the interference itself is destroyed if an /4	quasiparticle braids another 
unpaired one whereas only the overall fusion channel matters for paired ones. Therefore the 
observed high-frequency peaks are merely indicative of the non-Abelian nature of the state but 
their positions cannot be used to discriminate between the candidate states. That said, they 
contain the information about temporal stability of the non-Abelian fusion channels. For the case 
of stable overall fermionic parity we expect to see peaks at 4  and 6 . This scenario appears to 
be in agreement with the observed enhanced spectral features at these frequencies reported here.  
However, in both past [21] and present studies (see Section 2 of the Supplementary Information) 
some sweeps result in only a 5  peak, consistent with random (but not rapidly fluctuating) 
fusion channel of additional pairs of /4	quasiparticles introduced into the interferometer. The 
conditions that affect the temporal stability of the fermionic parity are the subject of future 
investigation. 
 
Origin of the   peak and its temperature dependence    
The oscillation frequency of   can result from either /4 quasiparticle interference 
around bulk /2 excitations or from the ordinary electron interference. Consequently, mere 
observation of the   peak does not by itself establish /4 – /2 interference; for a proper 
identification of this peak it is necessary to examine its temperature dependence.  As the 
temperature is increased, such a peak should disappear or diminish in amplitude simultaneously 
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with the loss of the  = 5/2 resistance minimum in transport if /4  interference is contributing 
to the peak.  On the other hand, the AB interference of electrons could survive a disappearance 
of the  = 5/2 state and persist at higher temperatures.  At the very least, the temperature range 
over which the /4-quasiparticle contribution to the   peak changes should be similar to the 
temperature range over which the 5/2 state is observed. This is consistent with the observed 
temperature dependence of the oscillation power spectra for  = 5/2 and integer Hall states over 
a range of low temperatures. These data are displayed in the supplemental Figures S13 and S14.  
It is shown there that the amplitude of the	  peak in the power spectra of the integer quantum 
Hall states does not change significantly with increasing temperature (up to greater than 100mK) 
whereas over the same temperature range the	  peak at  = 5/2 decreases in amplitude as the 
temperature is increased.   This decrease of the amplitude is commensurate with changes in the 
longitudinal resistance: the amplitude of the   peak decreases with the rise of the measured 
value of :; at  = 5/2, both saturating in their values at temperatures above roughly 80mK. 
These properties are consistent with the idea that the   peak contains contributions from 
both	/4-quasiparticle and background electron interference at  = 5/2.  These electron 
contributions can arise from degrading the fractional quantum Hall state by both venturing far 
from the center of the plateau during B-field sweeps and by temperature increase. Given the 
overall spectral features of the interference oscillations and their temperature dependence, these 
data indicate that several processes of different origin are likely to contribute to the   peak at  
 = 5/2, in general agreement with our model.  
 
Results, Section 2: 7/2 power spectra 
Here we test this model of non-Abelian /4  and Abelian /2 excitations at a different 
filling factor,  = 7/2, which is theoretically expected to correspond to the same topological 
order, with the same charge and statistics of its excitations. However, due to its different filling 
factor, the periodicity of AB interference is expected to be different, as can be seen from Eq. (2). 
Specifically, the interference /4 edge excitations around /2 bulk quasiparticles should now 
produce the periodicity of 2/3 (instead of ), and thus the expected spectral peak at 1.5 , 
nicely distinguishing it from potential electron contribution still occurring at  . The /4 − /4 
interference should now produce spectral peaks at at (7 ± 1.5)  for the case of fixed fermionic 
parity, and a single peak at 7  for the case of random fermionic parity. Lastly, /2 − /2 
interference should manifest itself through a peak at 3 . 
Figure 4 displays a power spectrum taken at filling factor 7/2, with the corresponding 
transport (:;) shown above it.  The principal finding here in the power spectrum is a broad 
structure centered around the 7  position, again where   is defined by the integer interference 
frequency. This 7  spectral peak position is consistent with non-Abelian /4 at 7/2.   The 
spectrum is generated from the :; measurement at  = 7/2 with B-field range marked in 4B, 
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and with background subtracted to produce the large oscillation amplitudes.  Multiple sample 
preparations and interference measurements like this were made at 7/2 and the individual spectra 
from those and their originating oscillations can be seen in the supplement.  This collection of 
spectra were then averaged, and the result of this is also shown in the supplemental data.  In all, 
the structure around the 7  position is dominant. 
The broad peaks in the 7/2 spectra shown here around 7   but with the sharp minimum 
precisely there are distinctly different from the sharp spectral peaks shown in earlier data at 5/2. 
In order to expose the 7/2 oscillations, interferometers of somewhat different design were used in 
these measurements, as were modified heterostructures, able to promote large interference 
oscillations both at 7/2 and at 5/2.   In spectra focusing on 5/2 in such samples and devices, 
similar broad structures around, but with a sharp minimum just at  5   were also observed: see 
supplemental data.  Other interferometer devices on the modified heterostructures have 
demonstrated smaller amplitude interference oscillations at 7/2, and simple spectral peaks at 7 . 
Upon closer examination of the power spectrum details, both in the individual trace of 4C 
and in the supplemental traces,  peaks are apparent at frequencies close to 1 , 1.5 , 3 , 5.5 , 
and 8.5  marked by the vertical lines; the 7  position is also indicated.  The vertical lines 
correspond to the proper multiples of 	 , which is experimentally determined at the integer 
filling in the same device and preparation.  The observed series of peaks is in reasonable 
agreement with the aforementioned sequence of peaks expected for  = 7/2, and is particularly 
noteworthy in the spectra averages of Figure S18.  Note the distinct minimum at 7  ; a 
minimum is expected here for the convolution of the /4 − /4 and /4 − /2 interference 
processes.  This is surprisingly narrow, and should be accompanied by peaks at  5.5 , and 8.5  
: relatively broad peaks are apparent there.  Comparatively sharp peaks at respective multiples of  
  are at 1.5  and  3  in the 4C spectrum and are apparent in S18.   Several other features 
should also be noted in this spectrum: An   peak is clearly present indicating that a background 
electron interference is likely at play, consistent with our observation at   = 5/2.  This is not 
unexpected given the nonzero background resistance apparent in :; at and around 7/2, and the 
finite B-range needed to generate the spectra.   Also note that the   and 1.5  peaks can be 
resolved.  An additional peak of small amplitude is present at frequencies just below 3  ;  we 
cannot assign origins to this other than noise.   
It is important that an indisputable large spectral feature is centered at 7 , as expected 
for non-Abelian /4 quasiparticles at  = 7/2. There are indications in this spectrum of the 
series of peaks at 1.5 , 3 , 5.5 , and 8.5   as expected for both Abelian /2 and non-Abelian 
/4 as the excitations at 7/2.   Further sample improvement may yield better resolution of these 
features. 
Additional spectra at 7/2 presented in Supplementary Information support this result of a 
large 7/2 spectral feature.  Other data are presented in the context of 7/2 fermionic parity 
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stability.  Reduced fermionic parity stability could result in 7/2 spectra not displaying the 1.5  
peak, but only a simple 7 , with no indication of 5.5 , and 8.5   peaks.   
The oscillation periods observed at  = 7/2 are consistent with the existence of non-
Abelian /4 and Abelian /2 excitations.  This corroborates our findings for  = 5/2 and 
further supports the applicability of our model for explaining these results.    
 
Results, section 3: reproducibility and stability of the oscillations 
attributed to the /4 quasiparticles at  = 7/2 and 5/2. 
 In this section, we examine the reproducibility and stability of the observed oscillations.  
Aside from the usual factors such as the overall signal strength and isolation from noise, the 
stability of these oscillations is affected by additional effects that are specific to non-Abelian /4 
quasiparticles. When there is an even number of bulk /4 quasiparticles inside the interferometer 
(when there is an odd number, there is no interference), the phase of the interference oscillations 
is sensitive to the fermion parity inside the loop. Whenever the fermion parity changes, there is a 
 phase shift of the oscillations due to charge transport by edge /4 quasiparticles.  
 Figure 5 shows overlays of multiple B-field sweeps near  = 5/2	 and 7/2, which 
establish the reproducibility and stability of the interference oscillations. Figure 5A presents 
three down sweeps and three up sweeps of the B-field, over a range of B fields near  = 7/2 
indicated in the transport trace in the center of the figure. The frequency of the oscillations is 
consistent with /4-quasiparticle interference as determined by their Fourier transform.  
 The up sweeps show nearly identical oscillations although the high frequency noise 
differs from one sweep to another.  The down sweeps show similar good reproducibility. The 
down sweeps were the return sweeps between the up sweeps, and the total excursion time was 
greater than 8 hours.   For a properly prepared (illuminated and gated) heterostructure type and 
device, it is typical to see this extent of reproducibility over hours of sweeping.   This 
reproducibility indicates that a B-field sweep deterministically and reproducibly changes the 
number of /4 quasiparticles. It is also direct evidence of the stability of fermion parity during 
the duration of the experiment and in the presence of a time-varying B-field.  Given that the 
interference is a consequence of both confinement of the electron system by surface gates and 
the B-field sweeps, it is remarkable that this stability is displayed. However, the oscillations are 
not perfectly stable. There are occasional parity jumps, which we interpret as evidence of the 
non-Abelian nature of the state. 
To illustrate what a fermion parity jump looks like, Figure 5B shows a pair of B-field 
sweeps that show a clear difference when overlaid.  Here, a phase change of approximately, if 
not exactly,  is shown for two B-field sweeps in the same direction but separated by their 
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intervening return sweep. This type of  phase shift is typical of the data obtained to date.  
Further measurements are underway: establishing whether non- phase changes are present, 
testing the extent to which the B-field excursion away from 7/2 (and 5/2) can induce phase 
changes, and developing potential mechanisms to control this switching. 
In Figure 5C, the stability of the oscillations around 5/2 is examined. This data uses the 
same sample but a different preparation process (see the Methods section) from that shown in 
Figure 5A, here focusing on   = 5/2: we observe large amplitude oscillations at the frequency 
expected for transport by charge /4 quasiparticles, and again demonstrate their stability over 
multiple B-sweeps and time.  This preparation results in a single peak at 5 , in the power 
spectrum, but the 5  oscillation is reproducible.  
  
Summary and Conclusions:  
 
 We have presented the results of magnetic field sweeps using a Fabry-Pérot QH 
interferometer. We use AB oscillations in integer quantum Hall states to determine the effective 
area enclosed by the interferometer and, therefore, the relation between magnetic field and 
enclosed flux. At  = 5/2, we observe additional peaks in the Fourier transform of the field 
dependence of the resistance; they are at frequencies 2 , 4 , and 6 , where   = 1/. At 
 = 7/2, we observe a broad accumulation of spectral weight at	7 , and indications of peaks at  
1.5 , 3 , 5.5 , and 8.5 . Both Fourier transforms are consistent with the non-Abelian nature 
of these states and specifically with the existence of non-Abelian /4 and Abelian /2 
excitations in both states. 
We make the case that the 2  peak at 5/2 filling is due to the AB effect for /2 
excitations: this peak becomes more prominent as the tunneling distance across constrictions 
becomes shorter, in agreement with theoretical predictions. Meanwhile, the spectral peak at   
can have several contributions at  = 5/2: the interference of /4 edge excitations around /2 
bulk quasiparticles, as well as the usual AB interference of electrons.  The analysis reported here 
shows that both contributions are present, with the contribution due to Abelian interference of 
/4 quasiparticle around /2 bulk quasiparticles becoming more significant at the lowest 
temperatures. 
The high frequency peaks, (5 ± 1)  at  = 5/2 and (7 ± 1.5)  at  = 7/2, are 
evidence of the non-Abelian nature of /4 quasiparticles in both states. Moreover, being able to 
resolve these peaks strongly indicates that the fermionic parity remains stable on the time scales 
of a magnetic field sweep across the quantum Hall plateau. In view of potential future 
applications of similar devices for quantum information processing, this is a promising finding.  
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The spectral data at  = 5/2 are corroborated by similar measurements at  = 7/2. 
While the nature of the two states and their excitations is expected to be similar, our simple 
model predicts distinctly different peaks positions in the power spectrum of the interference 
signal.  Measurements at  = 7/2 show agreement with the predicted peak positions, further 
validating our theoretical interpretation. 
Finally, the interference oscillations corresponding to the non-Abelian /4 edge 
quasiparticles encircling localized bulk /4 quasiparticles can be shown to be highly 
reproducible and stable for hours; able to endure B-field sweeps over ranges around  = 5/2 or 
7/2; and may, under the proper circumstances, display the 180o phase flip expected for a fermion 
parity change. The latter is presently the subject of intense investigation. The high stability of 
these oscillations indicates surprisingly stable fermion parity and /4 number parity: these are 
essential points in an effort to produce a topological quantum computational device.  
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FIGURE CAPTIONS: 
FIGURE 1.  interference devices and basic interference data using gate or B-field   
sweeps 
FIG. 1A) Schematic and electron-micrograph images of interference devices.  In the schematic 
the interferometer is defined by surface gates , and E, operated at voltages that fully deplete 
the electron population below them.   Currents propagate along the edges of the sample and the 
gates: contacts diffused into the heterostructure away from the device are used to measure 
resistance across the device longitudinally, :;, and in Hall configuration across the device :<.  
Edge current approaching the gate defined device can backscatter at 1 or enter area @ and 
backscatter at 2: it can then interfere with the first backscattered track. Device images show one 
with no structure in area @ (left), one with a top gate covering the majority of area @ (center), 
and one with a top gate central dot. In each device shown here the lithographic separation 89 of 
gates ,	is 1µm. The actual tunneling distance between the edge currents is	8 (see schematic). 
FIG. 1B) Transport (:;) through an interference device with filling factors  = Fℎ/G labelled 
(F is the electron density). Temperature ~20mK, sample 2, preparation 2.  
FIG. 1C) Sweep of gate E voltage and measured Δ:; at 5/2 filling.  The large periodicity 
marked with the blue lines (/4) is that expected for charge /4 as derived from similar 
measurement of the electron interference at integer filling.  The /2 periodicity (black lines) is 
half that of the /4 period.  Temperature 25mK, Sample 1, preparation 2. See previous results 
[9-11] to observe different relative magnitudes and gate ranges of the  /2 versus /4 
oscillations.   
FIG. 1D) an example of how a power spectrum is extracted from a B-field sweep.  Left panel: 
measurement with fixed gate voltages at and near filling factor 3 from 1B.  Middle panel:  the 
background resistance is subtracted revealing residual oscillations.   Right panel:  a fast-Fourier-
transform (FFT) of the middle panel data.  This power spectrum shows a principal peak at 
roughly 6 kG-1.  This is the     integer filling factor periodicity, with the peak value closely 
matched at other integral filling factors.  
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FIGURE 2.  Dominant peaks in power spectrum of B-field interference oscillations 
at 5/2 in multiple samples 
 
FIG. 2A)  Power spectrum of resistance vs. B-field near 5/2.  The data is taken from the :; data 
between the red vertical lines in Figure 1B, using an interferometer as shown in 1A, right panel.  
After background subtraction and application of the FFT, four dominant peaks are present.  The 
peak positions are labeled as  , 2 , 4  and 6 , with   being the frequency of the Aharonov-
Bohm (AB) oscillations in the integer quantum Hall state, marked here by the red vertical line.   
The figure shows schematics of different interference contributions due to the /4 and /2 
quasiparticles in a non-Abelian  = 5/2 state expected at frequencies   ,  2 ,  4 and 6 , with 
  being the AB frequency for electrons.  The vertical blue lines mark the  1/,	 2/ ,  4/, 
	5/ and 		6/ positions assuming 1/  =  1 .  
Sample 2, preparation 2, temperature ~ 20mK.  A repeat measurement of this power spectrum 
days later (with no change in gate voltages) is shown in Figure 3A lower panel.  
 
FIG. 2B) 5/2 power spectra in samples 3 and 4 (top panels) fabricated from different 
heterostructures, using different sample illumination (preparation) and gate voltages.  The left 
spectrum shows dominant peaks at   , 4  and 6 , but no 2 .  The spectrum on the right 
demonstrates the 4 predominant peaks at 1, 2, 4, and 6 , but in an interferometer device made 
on a different type of heterostructure (see schematics of each in supplement). :; measurement 
through the respective devices is shown below the spectra.  The bottom panel shows a plot of 
predominant peak positions for five samples (plus 2 additional preparations), each normalized by 
their respective   values, showing agreement with the assignments of 	2 , 4 , and 6 . 
Temperature is 20mK in both panels.  Note that our data collectively demonstrate the series of 
peaks at 1, 2, 4, and 6  can occur in both shielded wells and doping wells: the heterostructure 
type does not determine the observed series.    
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FIGURE 3.  /2 interference dependence on gate constriction backscattering 
amplitude  
FIG. 3A) 5/2 power spectra for two different top gate voltage settings in sample 2.  The bottom 
spectrum shows the set of 4 predominant peaks at    , 2 , 4  and 6  that are consistent with 
/4 and /2 braids.  The top power spectrum is the same device but with the backscattering 
gates , voltages changed from -9V to -3.5V, increasing the distance d over which the encircling 
charge must tunnel to backscatter to accomplish interference.  Note that the top power spectrum 
has peaks at   , 4  and 6 , but the 2  peak is absent. The side gate voltage in this gate setting 
was adjusted to make comparable area @ in the two measurements. The right-hand panels show 
:; over the filling factors 3 to 2 to demonstrate the overall similar transport for the two gate 
settings. Temperature is 20mK. 
FIG.3B) Plotted are ratios of the peak value at 2  to the peak value at   for a series of 
backscattering gate voltages , in the same device.  As  , is made more negative, at the 
interferometer backscattering constrictions the inner edge current separation  8, and so tunneling 
distance, is made smaller.  The ratio increases as the gate separation is made smaller.  Note the 
2  peak is expected to be due to the interference of /2 excitations whereas   is expected to be 
largely due to /4 excitations, with the ratio of the two peaks reflecting relative tunneling 
amplitudes for these quasiparticles.  Supplemental data to this figure plot just 2  versus ,, with 
a similar dependence. T~ 20mK for all data.  
 
FIGURE 4.  Power spectrum measured at 7/2 filling factor 
 FIG. 4A-B) panels show transport :; over filling factors 3 to 4 and centered near 7/2 (right 
panel).  The red vertical lines in :; mark the B-field range over which the FFT is applied to get 
the power spectrum in 4C after subtraction of the background. Sample 6, preparation 16. 
T=20mK. 
FIG. 4C) power spectrum at 7/2 filling factor for a single preparation.  The vertical line marked 
  corresponds to the peak value of the integer filling factor power spectrum.  The vertical lines 
marked 1.5 , 3 , 5.5 , 7 , and 8.5 	are the respective multiples of  .   Grossly, a broad 
spectral feature is centered around 7 , as expected for non-Abelian /4 at 7/2.  Upon closer 
examination, there are indications of measured peaks at positions   , 1.5 , 3 , 5.5  and 8.5 .  
Note also the sharp minimum at  7 .  Additional 7/2 spectral data are shown in the supplement 
section 2, all demonstrating a large spectral feature at their respective 7  frequencies, as 
expected for non-Abelian /4 at 7/2 filling. An average of 7/2 spectra is also shown in the 
supplement, section 2. 
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FIGURE 5.  Stability and reproducibility of interference oscillations at 7/2 and 5/2 
filling factors. 
 FIG. 5A) Top and bottom trace sets show interference oscillations in :; near 7/2 filling fraction 
(see inset) for B-field up and down sweeps.  The two sets together form a continuous series of 
six sweeps (three in each displayed set).  Note the reproducibility of the sweeps. 
The oscillation period corresponds to that of the 7  spectral weight shown in Figure 4 and is 
consistent with the fundamental period expected for non-Abelian /4 braiding /4: in this model 
the period is the addition of two /4 quasiparticles.  
The set of six sweeps shown covers a time of 8.75 hours, 87.5 minutes for each directional 
sweep. Overlay of the sweep directions is shown in supplement Figure S19. The data 
demonstrate both a high level of reproducibility and stability for the time and magnetic field 
ranges over which the data were taken.  
In the non-Abelian /4 model, this result means that a) the /4 number parity is stable over this 
time within the modulation of the total number by the B-sweep itself, and b) the fermionic parity 
is stable over this entire time period and B-sweep range.  Sample 6, preparation 16. T=20mK.  
FIG. 5B) B-field sweep traces taken near 7/2 as in 5A from the same sample but of a different 
preparation; both are down sweeps.  Here the two traces of :;  oscillations appear to be 180 
degrees out of phase. This pi phase flip has apparently occurred away from the oscillations as it 
includes the extent of the sweep.   This 180 degree switch to the oscillations is consistent with 
the expected consequence of a change in fermionic parity.  Further tests are underway to 
establish the prevalence of the phase changes within these oscillations, what may change the 
prevalence or if other phase changes occur, and whether this can be controlled. Sample 6, 
preparation 17.  The temperature T=20mK. 
FIG. 5C) Top traces are :; from filling factor 3 to 2 centered at 5/2 (circled area), with an FFT 
of a trace such as that shown in the lower part of the figure.  
The colored lower trace set is three B-field sweeps in a single direction showing overlap of the 
resistance oscillations.  Here the predominant oscillation period is that of 5  shown in the power 
spectrum.  Each trace is 60 minutes, so total data collection time is 6 hours (the opposite sweep 
direction is not shown). 
As with the 7/2 data, these data demonstrate reproducibility and stability in the oscillation 
associated with the non-Abelian /4 braid of /4 and indicate that the number parity and 
fermionic parity can be shown to be stable over long time and B-field ranges near 5/2. Sample 6, 
preparation 18, different from that of Figure 5A. T=20mK. 
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Section 1:   theory 
 
Quantum Hall Aharonov-Bohm Interferometry: 
In this section we provide the theoretical background for the Aharonov-Bohm 
interferometry in the QH regime. The geometry we are focusing on is that of the Fabry-Pérot 
interferometer whose two arms correspond to two constrictions created in a QH bar by e.g. 
electrostatic gating, which bring the opposite edge states of the QH liquid into close (but not too 
close) proximity of one another thus allowing for the tunneling between these edge states. In 
contrast with the Coulomb blockade regime, the area between these constrictions is not pinched 
off into an isolated droplet, hence the electric charge inside the interferometer loop is not 
quantized. (This, in particular, implies relatively weak tunneling across the constrictions.)  
Let us first assume that the edges of the quantum Hall fluid inside the interferometer are 
energetically pinned to certain locations, as would be the case in the limit of steep confining 
potential. Under this assumption, the edges do not move in response to changes in the magnetic 
field, meaning that the area of the interferometer remains fixed. Basically, an increase in 
magnetic field reduces the magnetic length, “shrinking” the wavefunction. The system can 
accommodate this in one of two ways: by shrinking the size of the quantum Hall puddle or by 
creating quasiholes, which can be visualized as “punctures” in the otherwise incompressible 
liquid. The aforementioned assumption favors the second scenario. (In principle, some 
combination of the two may occur – this is the so-called Coulomb dominated regime [17, 33]; 
we will comment on this later.) The relative phase difference acquired by quasiparticles 
traversing the two “arms” of the interferometer upon the insertion of additional flux  has two 
contributions, one being the actual Aharonov-Bohm phase due to the change in the enclosed 
magnetic flux and the other being the statistical phase acquired by the quasiparticle on the edge 
encircling additional quasiparticles created in the bulk: 
 ∗ = 2   
∗
  + 2∗∗ = 

  -2 
∗
  − 2∗ %

∗)/ 
(3) 
where ∗ is the change in number of the enclosed quasiparticles and ∗ is the statistical angle, 
e.g. the phase acquired by the wavefunction upon counter-clockwise exchange of two identical 
quasiparticles.  
This equation can be easily generalized to the case of (abelian) edge quasiparticles of 
type a encircling bulk quasiparticles of type b:  
 +, = 2   %
+
 ) + 2+,, = 

 -2 %
+
 ) − 2+, 

,/ 
(4) 
[35] 
 
where 2+, is the argument of the monodromy matrix element, i.e. the statistical phase resulting 
from a full braid of anyon a around anyon b. 
The reason for the relative sign between the two contributions can be deduced from the 
arguments given in Ref. [36]; its essence can be reduced to the following observation. Consider a 
Laughlin state at  = 1/I. Its quasiparticles carry the charge of ∗ =  I⁄  and their statistical 
angle is  J⁄ =  I⁄ . Imagine increasing the flux inside the interferometer loop by one flux 
quantum, which is the amount required to create a single quasi-hole in the bulk, resulting in  
∗ = −1 (since ∗ 	counts quasiparticles rather than quasiholes). The key observation is that 
the interference of electrons around a quantum Hall puddle should always have the periodicity of 
, the flux quantum. As a general rule, the electron has trivial braiding with respect to all 
quasiparticles, 2, J⁄ = 2 and hence the choice of the sign in Eq. (3); the opposite sign would 
result in an unphysical periodicity of /2 for the electrons. 
Taking into account the possibility of Coulomb domination, we note that its chief effect 
is that quasiparticles may not be introduced into the interference loop one-by-one as the magnetic 
field is ramped up; instead one may envision a situation where the QH droplet first shrinks and 
then a clump of quasiparticles is introduced and restores it to its original size (whereupon the 
process repeats). It is not hard to see that this can result in suppression of certain periodicities but 
cannot possibly introduce new ones. For a more detailed analysis of the consequences of this 
phenomenon the reader is referred to [33]; the goal of our manuscript is to present the spectral 
features actually seen in the experiment. We believe that the sample preparation technique 
reported in this paper reduces the likelihood of Coulomb domination in our devices; the observed 
spectral peaks seem to confirm our expectation. 
We now turn our attention to the  = 5/2 state. The possible charged excitations in this 
state are /4 quasiparticles, /2	Laughlin quasiparticles and electrons. As usual, electrons have 
trivial braiding with anything else, resulting in the expected Aharonov-Bohm oscillations with 
period  = . Meantime /2	quasiparticles have 2/K =  (irrespective of the candidate 
state) and hence whenever they interfere around other /2	quasiparticles, the period of 
Aharonov-Bohm oscillations is  = /2. However, should they interfere around /
4	quasiparticles instead, the monodromy becomes 2/K,/0 = /2 (also irrespective of the 
candidate state, [37, 16]), and therefore 
 /K,/0 =  -2 
/2
  −

2 
5/2
/4 / = −4 

  
(5) 
yielding the periodicity of  = /2 once again. 
Finally, there are /4 quasiparticles, which are the most interesting kind since they are 
expected to be non-Abelian. Since they are Abelian with respect to the /2	quasiparticles, we 
can use the aforementioned considerations to find  
[36] 
 
 /0,/K =  -2 
/4
  −

2 
5/2
/2 / = −2 

  
(6) 
which in turn yields the periodicity of  =  – the same as that for interfering electrons.  
Finally, we turn to the /4 quasiparticles interfering around other /4 quasiparticles. For 
this process, the statistical angle 2/0 acquired by the quasiparticles actually depends on the 
candidate state; the possible values for various such states can be found in Table II in [16]. (Note 
the notational discrepancy: The twist factor  listed there corresponds to exp(2) in that 
manuscript, as well as in [22].) For the purpose of this paper, we will focus on the two most 
likely non-Abelian states, specifically the Moore-Read (Pfaffian) and its particle-hole conjugate 
anti-Pfaffian states. (We shall also briefly comment on the recently proposed particle-hole-
symmetric Pfaffian (‘PH-Pfaffian’) state [4, 5, 6, 7]). The statistical angle 2/0 = ±π/4		 for the 
Pfaffian/anti-Pfaffian states while it can take on either value for the PH-Pfaffian state, depending 
on the fusion channel of the quasiparticles forming the braid. According to Eq. (3), the 
periodicity of the Aharonov-Bohm oscillations should be  for the Pfaffian state and 2 3⁄  
for the anti-Pfaffian, meantime both periods should be present for the PH-Pfaffian state. This 
argument, however, is misleading as it completely ignores the non-Abelian nature of the /4 
quasiparticles in these states. The predicted even-odd effect [13, 14] entails the absence of 
interference of the /4 quasiparticles whenever an odd number of such quasiparticles/holes is 
contained within the interferometer. This would in turn mean that the interference signal would 
disappear and reappear with the period corresponding to bringing an additional pair of 
quasiparticles in, or  = 2∗ ⁄ = (1/5) at  = 5/2 (and with  = (1/7) at  =
7/2). When the interference signal reappears, its phase is not governed by Eq. (5) as in this case 
the edge  /4 quasiparticles invariably braid around an even number of bulk /4 quasiparticles 
and one should focus on their net fusion channel instead. Let us assume that the even number of 
bulk quasiparticles always fuse in the trivial (bosonic) fusion channel. That means that the edge  
/4 quasiparticles effectively braid around a collection of /2 quasiparticles in the bulk. 
Therefore the phase difference is governed by Eq. (6) which yields the periodicity of  =  
irrespective of whether the state is Moore-Read, anti-Pfaffian or anti-Pfaffian, contrary to what 
was claimed in [33]. Consequently one would expect to see two peaks at frequencies  ± = (5 ±
1)  corresponding to the convolution of slow   oscillations with the rapid on-off pulses at 5  
– a manifestation of the even-odd effect. Here   is the “fundamental” frequency corresponding 
to the periodicity of one flux quantum,  = .  
So far we have ignored the other crucial feature of the non-Abelian states, namely the 
existence of neutral fermionic modes [11] – one of the two possible fusion channels for a pair of  
/4 quasiparticles. Again, two fusion channels available for a pair of /4 quasiparticles can be 
either 1 (the identity channel; even fermionic parity), which physically corresponds to an /2  
quasiparticle, or ψ  (odd fermionic parity), in which case the  /2  quasiparticle is accompanied 
by a neutral fermion.  Introducing such a fermionic quasiparticle within the interference loop 
[37] 
 
shifts the overall phase of the /4 interference by  [12, 13, 14, 32]. (It does not affect the 
interference of other types of quasiparticles). Hence, if the fusion channel of an even number of 
bulk /4 quasiparticles is ψ (instead of being trivial) , i.e. if the fermionic parity inside the 
interferometer is always odd whenever the interference is observed, one should again see the 
peaks at frequencies  ± = (5 ± 1) . In other words, the same two peaks should be seen 
regardless of the fermionic parity as long as it remains fixed during a magnetic field sweep. If, 
however, the fermionic parity fluctuates on the timescale of a sweep, we need to distinguish two 
regimes. The first regime corresponds to intermediate time-scale fluctuations. Specifically, if the 
fermionic parity fluctuates at the rate comparable to the rate at which the flux inside the 
interferometer is changed by one flux quantum  but remains stable on the scale of /10 (i.e. 
the flux change needed to change the parity of bulk /4 excitations), one would expect the 
oscillations with the frequency of   to become suppressed due to the random  phase shifts, 
exposing the frequency of 5 , the hallmark of the non-Abelian even-odd effect. Physically, such 
a scenario would be realized if e.g. the fusion channel were selected randomly every time a new 
pair of /4 excitations is introduced into the bulk but then remained stable until another /4 is 
nucleated inside. Another regime corresponds to rapid fluctuations whereby the fermionic parity 
fluctuates within the time required to change the flux inside the interferometer by /10. In this 
case no high-frequency spectral peaks should be observed at all: for an odd number of bulk /4 
excitations the interference is suppressed by the non-Abelian even-odd effect whereas for their 
even number the interference is suppressed by rapid  phase shifts. 
Whether or not the fermionic parity is fixed or fluctuates is a non-universal feature which 
is expected to depend on a particular sample. Meantime, the 5  component (whether split by the 
Aharonov-Bohm beats or not) should not be present in the case of any Abelian state. 
Having analyzed the set of possible spectral peaks associated with the quasiparticle 
interference, we should also mention their expected relative prominence and temperature 
dependence. Those features depend primarily on the type of interfering edge quasiparticles since 
that determines their tunneling across the constrictions. Theoretically, at low voltages and low 
temperatures the tunneling amplitude is governed by their scaling exponents [38]. These scaling 
exponents have been tabulated for  = 5/2 candidate states (as well as for some other QH states) 
in [16], where the temperature dependence of possible interference signals have also been 
discussed. For the purposes of this manuscript, it suffices to mention that for all possible non-
Abelian  = 5/2	and 7/2 states with the exception of anti-Pfaffian (but including PH-Pfaffian), 
the dominant tunneling process at low temperatures is that of /4 edge excitations, with /2 and 
electron contributions being progressively suppressed. In the anti-Pfaffian state, the /4 and /
2	edge excitations have the same scaling exponent and hence both processes should have the 
same temperature scaling. This, in principle, allows us to use the temperature dependence to both 
analyze the origin of each spectral peak and try to glean the nature of the state. However, there is 
one caveat: even for the peaks associated with the interference of /4 edge excitations, the 
aforementioned issue of fermionic parity may complicate the analysis of the high-frequency 
[38] 
 
peaks since we do not have a good model for how the stability of that parity is affected by the 
temperature. 
 
 
Section 2:  data  
 
Two important points in describing 5/2 and 7/2 interferometry are 1) examining the 
detailed B-field sweep data that are the origin of the spectra, and 2) the dependence of the spectra 
on Fermionic parity stability. These topics are discussed below with data relevant to each. 
Following that are main text section and Figure supplements. 
a. 5/2 & 7/2 spectra with root B-field traces 
b. Spectra and Fermionic parity stability 
c. Main text section and  individual Figure supplements 
 
A. 5/2 & 7/2 spectra and their B-field sweep origins 
 Below in Figure S1 and S2 are examples of spectra and their source B-field sweeps for 
both 5/2 and 7/2 filling factors.  Figure S1 demonstrates interference oscillations around 5/2 
filling factor, in Δ:;versus B-field. Note the large amplitude (>25 Ohm), small period 
oscillations at 5/2 filling, corresponding to the 5  frequency, that are modulated by a larger 
period oscillation ( ), present throughout the :; minimum at  = 5/2.  As noted, the maximum 
amplitude of the “5 ” oscillations roughly corresponds to the center of the 5/2 Hall trace plateau 
(:<), but is somewhat offset from the minimum of the longitudinal resistance across the 
interferometer (:;).  The power spectrum shows an absence of the 2  peak, attributed to /2 
braiding  /2, and this absence results in a simpler oscillation set in Δ:; versus B-field. 
Figure S2 demonstrates a power spectrum at 7/2 and the Δ:;versus B-field data from 
which it is extracted.  This oscillation set is more complicated than the above 5/2 example.  Here 
the power spectrum shows distinct peaks at 1, 1.5, 3, and 8.5 , and a sharp minimum at 7 , 
consistent with the Abelian /2 and non-Abelian /4 model at 7/2. The   marked line here 
corresponds to the   frequency peak observed at integer filling factor.  In the Δ:; versus B-field 
plot, both the high frequency oscillations corresponding to 7  and a lower modulation 
frequency of 1.5  are present, in addition to   and 3  frequencies, making for a complex set of 
oscillations. This is why the FFT is necessary, and useful if employed over a large enough B-
field range. As in the 5/2 example above, the highest frequency oscillations have a maximum 
amplitude near the 7/2 minimum in :; which is again centered at the 7/2 Hall trace plateau (:<).  
[39] 
 
Note that for both the 5/2 and 7/2 spectra, the principal feature is a broad set of spectral 
features (henceforth referred to as “complex”), centered at 5 and 7 times the fundamental 
frequency   respectively: these high frequency features are a critical and specific indication of 
non-Abelian /4 at those filling factors.  These spectra are distinctly different in displaying the 
broad complexes at high frequencies from the narrow features displayed in e.g. Figure 2 and 4 of 
the main text.   The interferometer device construction in this sample 6 is different from those in 
the rest of the study: here the backscattering gates are of larger dimension in the direction 
perpendicular to their separation.   In this configuration it is expected that as charge is entering or 
exiting the interferometer it traverses a longer path through the narrowing over which 
backscattering can occur.  This additional backscattering opportunity may have two 
consequences: larger amplitude interference, but also broadening of the interference features.  
This rational may help to understand the broad complexes at 5   and 7  for 5/2 and 7/2, but it 
is counter to data here and further in the supplement that demonstrate sharp spectral peaks at 
1.5  and 3  for 7/2.  These specific device attributes are currently under study. 
 
FIGURE CAPTIONS. 
FIGURE S1.  5/2 longitudinal magneto-resistance (:;) through the interferometer (A), focus of 
:; near 5/2 (B), background resistance subtracted from :; at and near 5/2, Δ:; versus B-field, 
(C), and (D)power spectrum taken using the data of (C). Sample 6, preparation 5.  T~20mK. 
FIGURE S2.  7/2 longitudinal magneto-resistance (:;) through the interferometer (A), focus of 
:; near 7/2 (B), background resistance subtracted from :; at and near 7/2, Δ:; versus B-field, 
(C), and (D) power spectrum taken using the data of (C). Sample 6, preparation 8, T~20mK. 
[40] 
 
67.8 67.9 68.0 68.1 68.2 68.3 68.4 68.5 68.6
-50
-25
0
25
50
center (68.22) is 
Hall trace center
∆ 
R
 
L(O
hm
s)
B-field (kG)
FIGURE S1 
55 60 65 70 75 80 85
0
500
1000
1500
2000
R L
 
(O
hm
s)
B-field (kG)
ν=3 ν=2
ν=5/2
65 66 67 68 69 70
0
500
1000
1500
2000
R L
 
(O
hm
s)
B-field (kG)
ν=5/2
0 10 20 30 40 50 60 70
0
5
10
15
Frequency (kG-1)
5/
2 
FF
T 
am
pl
itu
de
 
(x1
0-
3 )
5f0f0
M18102401-3E
fft17
a)
c)
d)
b)
[41] 
 
 
FIGURE S2
0 20 40 60 80 100 120 140
0
1
2
3
4
Frequency (kG-1)
7/
2 
FF
T 
Am
pl
itu
de
 
(x1
0-
3 ) 7f0f0
1.5f0
3f0
5.5f0
8.5f0
M1811020x
42 43 44 45 46 47 48 49 50 51 52 53 54 55 56
0.0
0.2
0.4
0.6
0.8
1.0
R
L 
(kO
hm
s)
B-field (kG)
ν=4 ν=3
ν=7/2
a) b)
d)
c)
48.5 48.6 48.7 48.8 48.9 49.0 49.1 49.2
-40
-20
0
20
40
m18110201x
 
∆R
L 
(O
hm
s)
B-field (kG)
M18102401-3E
fft17
48 49
0.0
0.2
0.4
0.6
0.8
1.0
m18110201x
R
L 
(kO
hm
s)
B-field (kG)
ν=7/2
[42] 
 
B.  spectral dependence on Fermionic parity stability 
The spectrum of braiding periods expressed at 5/2 and 7/2 is dependent upon both the 
tunneling probability for the /4 and /2 edge excitations as they encircle the interferometer 
active area, but more importantly also dependent upon the stability of the fermionic parity for the 
fusion channels of the /4 charges. 
As described in the theory supplement and in the review of 5/2 interferometry, the 
relative prominence of the /2 – /2 interference signal is dependent upon the tunneling 
amplitude for of the /2 quasiparticles across the two tunneling constrictions.  For sufficient 
tunneling amplitude the 2  peak for filling factor 5/2 and the 3  peak for 7/2 will be apparent.  
These are simple additions to the spectrum that can be controlled experimentally by adjusting 
their tunneling amplitude, adjusting the , voltages, which changes the backscattering distance d 
of the interferometer.  This process was described in this study (see Figure 3). 
The second determining factor of the spectrum components, the stability of the fermionic 
parity, is a factor that is presently assumed to be due to sample and device parameters, but the 
exact nature of these factors has not been tested.  To describe the effect of this stability on the 
experimental measurements one must compare the fermionic parity autocorrelation time to the 
time needed to measure the various interference periodicities in the resistance at 5/2 and 7/2 due 
to the interference of both /4 and /2. To observe or discern the fundamental non-Abelian 
braid of /4 encircling /4, the change of magnetic field in a B-sweep should at the very least 
be sufficient to result in the flux change of Φ/5 or  Φ/7. To discern the convolution of this 
non-Abelian braid and the /4 braid of /2, the fermionic parity must remain stable for a longer 
time, sufficient to change the flux by  Φ or 2Φ/3, respectively for 5/2 and 7/2. Therefore, the 
magnetic field sweep times for those periods are the metric.  Implicit in this is assessment of the 
fermionic parity stability is that three separate parameters are traversed: the time to make the B-
field sweep, the B-field range of the sweep, and the processes of the quasiparticle changes over 
that B-sweep and time range.  Described below is assessment of the stability with respect to the 
spectral features that are observed.   
As described in the theory sections, in order to see the frequencies corresponding to the 
interference of /4 around /2, i.e.   at  = 5/2 or 1.5  at  = 7/2,  the fermionic parity 
should remain stable during time required to change the flux by (at least) Φ at 5/2 and 2Φ/3 at 
7/2.  In addition, these processes will split the frequency corresponding to the non-Abelian /4 – 
/4 (even-odd) oscillation by the same amounts, producing spectral peaks at 4  and 6  for 5/2, 
and 5.5  and 8.5  for 7/2.  But the fermionic parity stability can be of shorter time duration; if 
less than the even-odd periods (measurement time corresponding to ΔΦ = Φ/5 or Φ/7), these 
peaks will be washed out completely.  In the intermediate case, i.e. when the parity is stable on 
the scale of ΔΦ = Φ/5 or Φ/7, but not on the scale of ΔΦ = Φ or 2Φ/3, factors, the 
splitting of the high-frequency peaks does not occur and the spectral peaks will appear at 5  
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(5/2) and 7  (7/2).  Also, for fermionic stability of this duration, the enhanced   for 5/2 and the 
1.5  for 7/2 should not occur. 
The final permutation of the spectrum due to incomplete fermionic parity stability is if 
the stability varies over the range of the 5/2 or 7/2 B-field sweep.  An example to consider is 
where the stability is long around the center of the 5/2 or 7/2 minimum (:;) or plateau (:<), but 
shortens away from the center.  This scenario could lead to a spectrum for 5/2 that would include 
the  , 4 , 6  peaks, but additionally the 5 : the shortened stability time away from the 
plateau center contributes the 5 , and the  , 4 & 6  are due to the long stability time.  In this 
picture one could conjecture that the /4 quasiparticle (hole) density is increased away from 5/2 
and this may induce a switching of the neutral mode between the edge and the bulk.  As for 7/2, 
the spectrum would contain, 1.5 , 5.5 , 7 , and 8.5 , noting that the background electron 
interference peak at   should also be present. 
These possible contributions to the spectra, again all originating from the non-Abelian 
nature of the /4 and the Abelian contribution of the fused /4 charges (/2), have sets of 
spectra at 5/2 and 7/2 defined by the fermionic stability duration:  these are tabulated below, 
followed by examples of power spectra at 5/2 and 7/2 that represent some of these possibilities.  
For 5/2 filling, examples are shown of spectra with a single 5  peak, the intermediate fermionic 
stability time, and also spectra with 4 and 6  peaks, longer fermionic stability time.  At 7/2 
filling examples are shown of a single  7  peak and no discernible side peaks at 5.5 and  8.5 , 
again consistent with a fermionic stability time only long enough to resolve the rapid non-
Abelian oscillation , and another example showing spectral features around 7  with resolved 
8.5  peak, not a discernible 5.5 , and a weak 1.5  peak, consistent with a longer fermionic 
stability time.  An example of fully resolved features (1.5, 5.5 and 8.5 ) consistent with a 
fermionic stability time longer than the 1.5  measurement time is shown in Figure 5, main text. 
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FIGURE AND TABLE CAPTIONS. 
TABLE ST1.  Expected/possible power spectrum peaks for filling factors 5/2 and 7/2 given a 
fermionic stability time T.  The determining time factors are where the stability time T is with 
respect to the measurement time, and the metrics for this time are two points:   even/odd parity 
change with B-field sweep, /4 braiding /4  (5/φ0 or 7/φ0) measurement time, and measurement 
time for the /4 braid of /2 (1/φ0 or 3/2φ0). For example, if the stability time is less than the 
time to measure a full period of number parity change due to B-field sweep, no resistance 
oscillation will be observed, except for a background electron interference at   (we refer to the 
enhanced   peak due to contributions from electrons plus /4 braiding /2 at 5/2 as e  in the 
table below).   If the stability time is only long enough for a measurement of number parity 
change (5/φ0 or 7/φ0), that period will be measured but not the modulation or splitting of that 
peak. If the stability time is longer than the /4 braid /2 measurement time, then the full 
spectrum of peaks should be observed.  Note that the /2 braid of /2 can be added to each set 
independently of the fermionic stability time. 
TABLE ST1 schematics. Schematics of the non-Abelian /4  quasiparticle fusion process and 
the consequent even-odd effect. When non-Abelian /4 quasiparticles fuse, two channels are 
possible: the charged set with a neutral mode or the charged set without the neutral mode.  This 
pair of possibilities is the fermionic parity. This parity can be switched to the other channel by 
braiding an /4. Such a braid can occur in the interferometer operation when an odd number of 
/4 are in the area @: with passage of every encircling /4, the fermionic parity is switched.  
This fermionic parity switching decoheres the interference, and no interference oscillations are 
observed (although a background of Abelian /2 oscillations has been exposed experimentally 
[17-20]). If instead an even number of /4 are enclosed in @, Aharonov-Bohm oscillations can 
be expressed as the decoherence is absent.  This is the even-odd effect. The 4  and 6  peaks 
observed in the 5/2 power spectra reflect this /4  number parity change from the B-field sweep, 
and also indicate that the fermionic parity is stable (not randomized) over the time to perform the 
B-field sweep of the data used in the FFT. The  5  peak observed in the 5/2 power spectra also 
reflects this /4  number parity change, but with a shorter fermionic parity stability duration. 
 
FIGURE S3.  5/2 power spectrum showing only 5  and   peaks, consistent with a fermionic 
stability time less than the time to measure /4 braiding /2 modulating the non-Abelian braid.  
:; through the interferometer (A), focus of :; near 5/2 (B), and background resistance 
subtracted from :; at and near 5/2, Δ:; versus B-field, (C), and (D) power spectrum taken using 
the data of (C). Sample 6, preparation 3.  T~20mK.  B-sweep rate is 28 Gauss/min over the range 
of C. 
FIGURE S4.  5/2 power spectrum showing 4  and 6  peaks, but no 2  peak. The expression 
of 4  and 6  peaks is consistent with a fermionic stability time long enough for the  /4 
[45] 
 
braiding /2  (1  , addition time of φ0) to modulate the non-Abelian braid (5  , addition time of    
φ0 /5). The presence or absence of the 2  peak plays no role in the convolution.   :;, resistance 
across the interferometer (A), focus of :; near 5/2 (B), background resistance subtracted from 
:; at and near 5/2, Δ:; versus B-field (C), and (D)power spectrum taken using the data of (C). 
Sample 7, preparation 1, T~20mK, (C) B-field sweep rate is 140Gauss/min. 
FIGURE S5.  Another 5/2 power spectrum showing 4 , 6  peaks, and the 2  peak.  This 
device has wider backscattering gates that may lend to the relatively poorly resolved 4 and 6  
peaks, yet present a distinct 5  minimum. This complex of 5  minimum and even coarse 4 and 
6  peaks suggests a long enough fermionic stability time for convolution of the /4 –	/2 braid 
and the non-Abelian braid, again as in Figure S4.   A through D as in S3 & S4. Sample 6, 
preparation 12, T~20mK, (C) B-field sweep rate is 28 Gauss/min. 
FIGURE S6.  7/2 power spectrum showing only 7  prominent peak, and presumed background 
electron   peak.  Note the absence of the 1.5  peak even with 7 .  This is consistent with a 
fermionic stability time less than the time to measure /4 braiding /2 modulating the non-
Abelian braid.   As above, longitudinal magneto-resistance (:;) through the interferometer (A), 
focus of :; near 7/2 (B), background resistance subtracted from :; at and near 7/2, Δ:; versus 
B-field (C), and (D) power spectrum taken using the data of (C). Sample 6, preparation 6, 
T~20mK, (C) B-field sweep rate is 28 Gauss/min. 
FIGURE S7.  7/2 power spectrum showing distinct minimum at 7  and distinct peaks at 1.5, 3, 
and 8.5 . This sample preparation represents the model of fermionic stability long enough that 
the modulation of the 7  oscillation is measurable.  A through D as above. Sample 6, 
preparation 14, T~20mK, (C) B-field sweep rate is 28 Gauss/min. 
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Fermionic parity stability time T 
& power spectrum peaks expected for 5/2 and 7/2 
φ0φ0/5
T
φ0/1.5φ0/7
ef0, 4f0, 6f0
(2f0) 
ef0, 4f0, 6f0
ef0, 4f0, 6f0
(2f0, 5f0) 
f0, 5f0
(2f0) 
f0, 5f0f0
no enhanced f0 (ef0)
1, 1.5, 5.5, 8.5f0
(3f0) 
1, 1.5, 5.5, 8.5f0
1, 1.5, 5.5, 8.5f0
(3f0, 7f0) 
f0, 7f0
(3f0) 
f0, 7f0f0
TABLE ST1
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switching fermionic parity 
G
Vs
Period e/2 G
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Period e/4
e/4 braiding e/4 : even e/4 # in A 
no fermionic parity switching
with neutral mode
without neutral 
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e/4 braiding 
e/4 - e/4 fusion
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even – odd effect 
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TABLE ST1 -schematic
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C.  Individual main-text section supplements 
 
Supplement to Main-text Figure 1: 
Shown in Figure S8 is a B-sweep around 5/2 filling factor in the same sample that 
demonstrated /4 and /2 oscillations in the side gate sweep of Figure 1C, described in the main 
text.  The interference devices are used with gate voltages that induce small backscattering, to 
preserve the 5/2 state across the entire device.    The overall background minimum in resistance 
at 5/2 can be subtracted, revealing a set of oscillations: see Figure S8B to S8C, with oscillation 
periods marked in panel S8C.   By inspection the interference oscillations are of varied amplitude 
and period.  A fast Fourier transform of this residual resistance containing interference 
oscillations is used to demonstrate the predominant periods, and this FFT is shown in panel S8E.   
Note that four prominent peaks occur in that Fourier spectrum; these are roughly at frequencies  
 , 2 , 4  and 6 .  The 4 and 6  peaks are near the noise limit: the resistance oscillation 
amplitudes corresponding to these peaks are only a few Ohms in the B-field trace of S8C (after 
background subtraction).  Compare this to oscillation amplitudes in other samples and devices. 
In a separate measurement near integer filling factor 3, a similar background subtraction 
and FFT are taken with the result in panel S8D.  The prominent peak marked  ’ here 
corresponds to frequency 1/φ0, the frequency of the Aharonov-Bohm oscillations for electrons in 
the 2D electron system. The  ’ peak observed in the integer power spectrum is consistent in 
frequency with the peak marked   in the 5/2 spectrum. This integer  ’ and the consistent   
provide a frequency metric for the set of predominant peaks at 1, 2, 4, and 6  in the 5/2 
spectrum. These four peaks in the 5/2 power spectrum correlate well with those expected for the 
model described above of non-Abelian /4 and Abelian /2 charges and their encircling or braid 
permutations.  Note the presence of the 2  peak in the 5/2 spectrum and the small but evident 
/2 oscillations in the side gate sweep of Figure 1, main text.  As described in this study, the /2 
oscillation amplitude can be controlled by changing the distance between the interferometers’ 
reflecting gates, thus controlling the backscattering, 
This is a typical 5/2 spectrum at for a somewhat high temperature of 35mK.   Note the 
relatively broad peaks as compared to the main text Figure 2.  The frequency width (∆1/B) of the 
spectral features varies with temperature, device geometry specifics, and between heterostructure 
wafers for the same interferometer design, as observed to this point.   However, this series of 
peaks (1, 2, 4 & 6 ) is prevalent for sufficiently high backscattering (enough to induce /2 
backscattering.) 
 
[54] 
 
FIGURE S8 CAPTION:  Magneto-transport through an interferometer (:;)  in sample 1, 
preparation 2 (panels a and b). Panel c shows :; with the background subtracted to reveal 
interference oscillations: marked are examples from the three prevalent oscillation periods 1/ , 
1/2 , and 1/5 .   The bottom panels are power spectra for integer and 5/2 filling.  Note the 
presence of the 2  peak, consistent with the /2 periodicity in the side gate sweep data of 
Figure 1, and the 5  split to 4 and 6 , consistent with the /4 periodicity also in the side gate 
sweep measurement. Temperture ~35mK. 
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C.  Individual main-text section supplements  
Supplement to Main-text Figure 2. 
The following data are power spectra for 5/2 filling factor using different material and 
devices than those in Figure 2. Sample preparation, Hall or longitudinal resistance measurement, 
and interference device types differ from those used in Figure 2, yet the fundamental results are 
consistent with the model of Abelian /2 and non-Abelian /4 generating these power spectra.  
Figure S9 shows a 5/2 power spectrum derived from sample 6 with a primitive 
preparation that results in a poorly formed 5/2 minimum in :; and a primitive power spectrum in 
the form of a single 5  peak.  Note in the middle panel the asymmetric and week minimum 
which none the less produces a set of oscillations of period 1/5 that of the   peak, which is 
marked at the frequency of the integer filling factor interference measurement. This result shows 
data consistent with that observed in previous studies (main text ref. 21) and may be related to a 
limited fermionic parity stability.  See supplemental section 2B. which discusses presentation of 
different power spectrum peak sets. 
Figure S10 shows a 5/2 power spectrum extracted using Hall resistance :< .  Note that 
the spectral features at 1, 2, 4 and 6  are expressed.   The interference oscillations are present in 
both :; and :< measurements, and either can be used with no systematic advantage to either yet 
discernible.  In the noise level of the spectrum at 5  is a peak which may reflect changes in the 
fermionic parity stability over the range of the magnetic field sweep as discussed in section 2B. 
Figure S11 shows a 5/2 power spectrum which demonstrates crudely the 1, 4, 6  series 
of peaks. The interferometer used here is different than that of Figure 2 in that the backscattering 
gates (, in Figure 1) are wider.  This difference in the backscattering component may have two 
consequences: the amplitude of the interference is larger in these devices (see panel c), but the 
resolution of some of the power spectrum peaks is poorer.  Note the good definition of a 
minimum at 5 , but poor distinction of the modulated peaks at 4 and 6 , in spite of the well 
resolved oscillations at the 5/2 minimum (panel c). 
FIGURE CAPTIONS: 
FIGURE S9.  a) transport (:; ) between filling factors 2 and 3, b) expansion of :; around 5/2, c) 
subtraction of background from :; , and d) power spectrum from data in c.  Sample 6, 
preparation 11, T~ 20mK., B-field sweep rate 70Gauss/min. 
FIGURE S10.  a) transport (:<) between filling factors 2 and 3, b) expansion of :< around 5/2, 
c) subtraction of background from :< , and d) power spectrum from data in c.  Sample 6, 
preparation 4, T~ 20mK, B-field sweep rate 70Gauss/min. 
FIGURE S11.  panels as in Figure 9.  Sample 6, preparation 7, T~ 20mK, ∆B rate 70Gauss/min.
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C.  Individual main-text section supplements 
 
Supplement to Main-text Figure 3: 
     The application of larger voltages to the , gates of the interferometers can preserve the 
overall transport spectrum in :; between filling factors 2 and 3 for some samples, device 
designs, and preparations, as shown in the supplemental figure S12. This is the same sample and 
device as that in Figure 3, and the overall spectrum displays only a minor increase in the 
resistance minima between filling factors 2 and 3 as the backscattering voltage Q is increased. 
Also displayed is a plot of the amplitude of the 5/2 FFT spectrum peak at 2  versus 
backscattering voltage	,,   showing that as the backscattering gate separation distance is made 
smaller (more negative ,	), the amplitude of the 2  spectral peak increases. This dependence of 
amplitude on gate voltage is as expected for a mechanism where /2 charges encircle area @ of 
the interferometer, necessarily backscattering at the gate constrictions where  ,	is applied, but 
with tunneling amplitude relatively more dependent on the gate separation than for the /4 
charges. The /4 charges encircle area @ for peaks  , 4 , 5 , and 6 , but not 2 , in this 
model of non-Abelian /4.  
 
 
FIGURE S12 CAPTION, panel A: :; transport through sample 2 of Figure 3.  The progression 
of , = -10, -9, -7, -5V in the traces is red, pink, blue, black respectively.  The 5/2 minimum is at 
64kG.  Preparation 2, temperature 20mK.  Panel B: 5/2 FFT 2  peak amplitude versus , gate 
voltage, demonstrating increase in amplitude with smaller gate separation.  This result is similar 
to the finding in Figure 3 where 2  is normalized by the respective   amplitude values. 
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C.  Individual main-text section supplements 
Supplement to Main-text results section 1:   peak contributions  
Figure S13 compares power spectra for   = 5/2 and an integer Hall state over a range of low 
temperatures.   The top panel shows the full 5/2 power spectrum at a temperature of 58 mK, a higher 
amplitude 1  peak in the same device at 21mK, and another 1  peak at 101mK comparable in its 
amplitude to the peak at 58mK.  The middle panel (S13B) presents the temperature evolution of the 
amplitude of this peak for this device as well as for two other interferometer devices at the same filling.  
All three show the 1  peak amplitude decreasing as the temperature is raised from ~20mK to ~100mK. 
The bottom panel (S13C) shows the temperature evolution of the 1  peak observed near integer filling, 
 = 3, over a similar temperature range. The temperature dependence of the amplitude of this peak is also 
plotted in the middle panel for comparison to that for   = 5/2. As can be seen from the plot, the 
amplitude of the peak at the integer filling does not change substantially over this temperature range.  
These results show that the temperature dependence of the 1  peak differs at   = 5/2 and the integer 
filling.  Panel S13D shows the 5/2 minimum resistance values over a temperature range similar to panel 
S13B, leveling at the higher temperatures, as observed for 5/2   peak.  5/2 resistance and 5/2  1  peak 
have complementary low temperature behavior, changing in concert until temperatures are reached where 
the 5/2 QH state is not present. At higher temperatures than those that support 5/2, a residual 1   peak 
still exists.  This indicates that the 1  peak measured at the 5/2 filling may have contributions from both 
/4 quasiparticle and electron interference, with the former process being prominent only at the lowest 
temperatures. Given the overall spectral features of the interference oscillations and their temperature 
dependence, these data indicate that several processes of different origin are likely to contribute to the 1  
peak at   = 5/2, in general agreement with our model. This picture is further complemented by data at 
7/2; see below. 
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FIGURE CAPTIONS 
FIGURE S13.  Temperature dependence of the 5/2   power spectrum peak. 
Fig. S13A) In order to demonstrate the temperature dependence of the   power spectrum peak, 
the top panel shows the full 5/2 power spectrum at 58mK and the   peaks at 21mK and 101mK 
in sample 5. 
Fig. S13B)   peak amplitude for these three temperatures (and a higher temperature 
measurement) versus temperature for this sample (blue data points).  Also shown are 5/2 data for 
two other samples, demonstrating a substantial decrease in   peak amplitude as temperature is 
increased from ~20mK to ~80mK.   
Fig. S13C) The power spectrum peak at   for three temperatures at integer filling factor in 
sample 5.   The peak values are plotted in the S13B middle panel for comparison to 5/2: note the 
relative temperature independence of the integer peak over this temperature range versus the 5/2 
data.   
Fig. S13D) 5/2 resistance (:;) minimum values versus temperature over the temperature range 
of panel S13B. Note the similar leveling at high temperatures of both 5/2 resistance and 5/2  .  
The 5/2 QH state is not sustained at the high temperatures, but there is a residual or remnant   
peak. The origin of these 5/2 filling factor :; measurement values at different temperatures are 
displayed in Fig. S14. 
These data suggest different processes at work for the quasiparticle system at 5/2 with respect to 
the   peak.  The data indicate that at 5/2, the   peak has a contribution from the 5/2 state and a 
background electron effect, as follows:  At lowest temperatures, the 5/2   has a component that 
is temperature sensitive, in that temperature range, probably from the 5/2 /4 braiding /2 
process.  As temperature is increased, the /4 braiding process contributon is diminished, and 
the background electronic contribution is left. This results in the leveling of the temperature 
dependence of the 5/2   peak; at these higher temperatures measurements of the integer   
shows a relative temperature independence. 
FIGURE S14. Temperature development of the Figure S13 sample resistance :; through the 
interferometer centered around 5/2.   The total :; change with increasing temperature is roughly 
exhausted by the temperature of 100mK, and is similar to the saturation shown in the amplitude 
of the 5/2   peak in Figure S13. 
Panel A trace is the longitudinal resistance :; through the interference device and at base 
temperature, with :; measurements immediately around 5/2 at higher temperatures 
superimposed.  Panel B is an expansion of the panel A data around 5/2, the values of :; for the 
different temperatures are plotted in panel C, which is a replication of the data in Fig. S13D.  
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 C.  Individual main-text section supplements 
Supplement to Main-text results section 2, Figure 4:  
 In the model of non-Abelian /4 and Abelian /2 charges at 7/2 filling factor it is 
expected that the /4 braid of /2 should present an interference oscillation at 1.5/φ0 , the /4 
braid of /4 (non-Abelian process) should give a resistance oscillation of  7/φ0 ,  and the 
convolution of the two will result in a splitting of the  7/φ0  into peaks at 5.5/φ0  and 8.5/φ0 , 7/φ0 , 
+ and - 1.5/φ0 .   The /2 braid of /2 should show a spectral peak at 3/φ0.   Again, the 1/φ0 
frequency position is the integer interference oscillation, and integer filling factor electron 
interference corresponds to a measured peak   at this spectral position.  As such, a full 7/2 
spectrum may be expected to show peak features at 1, 1.5, 3, 5.5, and 8.5 , where a peak at   
occurs because of background electron interference, and a minimum at 7  should be present 
with the convolution of the /4 braids. 
In this supplement three power spectra of different preparation conditions and procedures 
are displayed from the same sample as Figure 4.  The   frequencies marked in each are 
consistent with the integer   of each respective preparation, and the frequencies at 1.5, 3, 5.5, 7, 
and 8.5  are marked with vertical lines at positions that are the respective multiples of   in that 
series. 
Note that the sharpest or most highly resolved features in frequency in each trace are 
often the 1.5 , 3  peaks, and the 7  minimum.  It is a remarkable feature of these traces and 
those presented in Figure 4 and in the previous supplemental data for 7/2 that the counting of the 
frequency positions (the series 1.5, 3, 5.5, 7, & 8.5) can give precise relative frequency values for 
many of the predominant spectral features. The modulation induced peaks at 5.5 and 8.5 are 
typically not well defined, but in each spectrum a complex with spectral weight centered at 7  is 
formed; again, this position at 7  is a fundamental signature of non-Abelian /4. 
The formation of a sharp minimum at 7 , and the complex around it at ±1.5  differs 
from the expression of the same process observed for 5/2 at 5  as shown in Figures 2 through 4.  
The origin of this difference is an open question.  The devices used here for 7/2 use a wider , 
gate:  the separation of the gates is 89 (schematic in Figure 1), the width is the size of the gate in 
the direction perpendicular to 89. The 7/2 samples are also from an MBE material of different 
construction than those shown in Figures 2 - 4.  
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FIGURE CAPTIONS 
Fig. S15. Panels a & b are :; around 7/2, panel c is :; with background subtracted, and d is the 
power spectrum of panel c. Panel c can be expanded to more closely examine the interference 
oscillations. Note the sharp 7  minimum and the sharp 1.5 and 3  features. The vertical lines 
marking 1.5, 3, 5.5, 7, and 8.5  are the respective multiples of   as determined at either 3  or 
7 . Temperature is 20mK, sample 6, preparation 13. 
Fig. S16. Panels as in Figure S15.  A broad maximum is apparent around 7  , with a narrow 
minimum at that frequency,  and the 1.5 and 3  frequencies are marked in expected registry.  
Note that peaks corresponding to 5.5 and  8.5  are apparent.  Temperature is 20mK, sample 6, 
preparation 2.  
Fig. S17. Panels as in Figure S15.  A clear deep minimum is formed at 7 , and features in 
registry with this are distinct at  , 5.5 and 8.5 .  Small peaks are positioned at 1.5 and  3 .  
Temperature is 20mK, sample 6, preparation 10. 
Fig. S18A&B. Averages of spectra from 4 (red) and 6 (blue) different sample preparations at 7/2 
filling factor (all include FIG. 5A data and data in the supplementary sections) normalized to two 
different frequency points. The different spectra are normalized in frequency to have either the 
same   positions (S18A) or the same 	7  position (S18B).   Note the measured peaks at 
positions  , 1.5 , 3 , 5.5  and 8.5 , and the minimum at 7  positioned there by design in 
S18B.   For a non-Abelian 7/2 state, spectral peaks should occur at   , 1.5 , 3 , 5.5  and 
8.5 , with the last two frequencies being a result of the even-odd effect corresponding to 7  
which is further split by ±1.5  due to /4 excitations encircling /2 bulk quasiparticles. 
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FIGURE S18A 
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C.  Individual main-text section supplements 
Supplement to Main-text results section 3, Figure 5:  
The power spectra of this study provide evidence of consistency between the interference 
data and the model of non-Abelian /4 and Abelian /2 in the 5/2 and 7/2 systems. This 
evidence rests on the both sensitive and specific comparison between the peaks in the measured 
spectra and the theoretically expected peaks.  The overlap of this theory and experiment provide 
substantial evidence that the model is correct. 
In application of the /4 and /2 model while examining the power spectra, we have 
asserted above that the observation of single 5  versus 4 and 6  peaks at 5/2, or 7  versus 5.5 
and 8.5   peaks at 7/2 lends insight to the stability of the fermionic parity.  Those results and 
their implications for that stability are presented above. 
 Beyond the power spectra, one can look directly at the interference resistance data 
attributed to the non-Abelian /4 braiding to assess the fermionic parity stability.   In Figure 5A 
and here are the :; traces measured at 7/2 which correspond to roughly the 7  frequency: this 
oscillation periodicity is that due to adding two /4 quasiparticles.  In order to observe this 
oscillation over any length of time, two points must be obeyed:  1) during that time the /4 
number parity within the interferometer must change precisely as prescribed by the addition of 
flux quanta with the B-field sweep, and 2) the fermionic parity must be stable: a change in the 
parity would result in a 180 degree phase flip. 
The data here and in 5A attest to that stability; oscillation phase is preserved for at least 
hours according to these results.  This finding has significance for potential use of this system in 
quantum computation: substantial stability in the states implies reduced error correction due to 
background decoherence of the two-level system.   
FIGURE CAPTIONS 
Fig. S19. Top panel is the longitudinal resistance with B-field sweep through the interferometer 
centered around 7/2 from filling factor 3 to 4.  The central trace is a blow-up of the transport 
around 7/2, with the interference oscillations just visible, and the bottom trace focuses on these 
oscillations.   
The bottom trace is the overlay of both the up-sweep and down-sweep data in Figure 5A, main 
text.  The sweeps as executed run back and forth from 49.20 to 49.69kG. The colors of each 
sweep are the same as those in Figure 5: note that a minor field direction hysteresis may be at 
play.  Each sweep in a single direction takes 87.5 minutes: the total set of six sweeps was of 
duration 8 hours and 45 minutes.  The data are typical in this level of stability. Temperature is 
20mK, sample 6, preparation 16.  
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Section 3: MBE heterostructure sample construction and 
preparation, and interferometer designs and function 
 
A) Basic heterostructure designs 
B) Illumination and gating processes  
C) Interferometer designs and heterostructure concerns 
 
The basic heterostructure designs used in this study are reviewed here, contrasting these to 
standard 2D electron system MBE structures, and emphasizing how these are built to maximize 
electron correlations and suppress Coulomb domination.  A crucial property of these 
heterostructures is that illumination is used to activate carriers and increase mobility; the 
multiple processes used to generate these improved features are reviewed here.  Finally, the 
different interferometer designs are examined, focusing on how the enhanced correlated states 
and large fqhe gaps are observed in transport through these structures. Important aspects of 
design are reviewed, with respect to interferometer components and the heterostructures. 
Several modifications have been made to our MBE chamber to fabricate higher quality 
samples. One example of this is the installation of a ~17 K cold plate very close to the sample 
growth space to establish a cleaner growth environment. The improved quality of the samples 
could also be linked to our recent efforts to purify the Al source material itself [39]. A theoretical 
investigation on the influence of residual impurities on quantum scattering rates supports this 
view, showing that a high-purity AlxGa1-xAs barrier layer is essential to achieve large quantum 
lifetimes [40]. 
A. Basic heterostructure designs:   
The fundamental layering for heterostructures used in this study is displayed schematically in 
Figure S20.  The 2D electron system resides in the GaAs layer that is typically ~24nm wide.  On 
either side is an AlxGa1-xAs layer: the x in this layer is predominantly x=24%.  These sides are 
flanked by thick layering of AlxGa1-xAs of higher Al concentration, x=32%.  Within this highest 
Al section on both sides of the GaAs well are the Si dopant sheet layers: the dopant layer on the 
substrate side donates electrons to the GaAs well, and the top Si dopant layer donates to both the 
GaAs well and the states at and near the surface of the heterostructure.  
Given this basic design, there are two variants used in this study that provide high mobility, 
strong sets of fractional quantum Hall states, and 2D systems that can be laterally controlled with 
top gates. These variants are also shown in Figure S20.  The first variant, called a shielded well, 
has a small but important addition to the fundamental normal well design.   Between each doping 
layer and the quantum well but within the 32% Al concentration layer are placed thin wells of 
GaAs (~1nm).  These layers, on either side of the 2D system in the central 24nm quantum well, 
accept a low density of electrons and demonstrate some parallel conduction in magneto-transport 
measurements (confined to low magnetic fields).   These layers provide two important functions.  
First, the shield layers seem to provide a smoothing effect on the potentials presented by the 
ionized doping layers, resulting in stronger electron correlations in the central well.  This 
manifests as high mobility and larger correlated state gaps.   Second, the shield layers effectively 
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shield the central well itself, minimizing the Coulomb domination.  This is a particularly 
important effect since the interferometer devices impose lateral confinement to the 2D system, 
which in small interferometer areas could induce Coulomb blockade or domination of the device 
by Coulomb effects.  The shielding wells soften this central well charge accumulation; in a small 
device with larger edge to central area ratio perturbation of the total charge is less energetically 
possible. 
The second variant to the basic heterostructure design used in this study is referred to as a 
doping well, and it is also shown schematically in Figure S20. In this design, the Si dopants are 
placed in narrow GaAs wells within the high Al concentration layers.  These heterostructures 
also demonstrate high mobilities and large fractional quantum Hall state gaps, but have one 
difficulty in use for interferometry: surface gates do not modulate the underlying 2D electron 
system density in a usable way at lowest, or operational temperatures.  The only method by 
which these structures can be used is to set the gates at working voltages at high temperatures 
(4K) and operate at base temperatures performing only magnetic field sweeps.  
The description of the heterostructures above is highly simplified.   In order to produce truly 
functional heterostructures the precise parameters of the structures must be empirically 
determined, and the parameter set to be established is large.  This set includes doping levels (top 
and bottom), shielded well and doping well widths, intermediate Al concentration (shrouds) 
widths, central well widths, temperatures for deposition at each of these stages, and cap layer 
thicknesses, to name but some.  This all assumes that a proper substrate and substrate platform 
has been grown.    
 
B. Illumination and gating process:   
Both shielded well devices and doping well devices in this study are illuminated in the 
process of sample preparation.  Illumination is accomplished by exciting a red LED that is 
positioned over the sample in the dilution refrigerator.  Both the duration of illumination and the 
temperature(s) at which the light is applied are important and specific to the devices used for 
achieving optimal operation.  For example, the doping well samples are typically continuously 
illuminated during cool-down from room temperature to 4 Kelvin, at which point the 
illumination is stopped.  A similar procedure can be used in shielded well samples.  However, in 
certain versions of the shielded well samples, illumination can be applied over a large range of 
possibilities. This range extends from LED on from room temperature to 4K, or to 1K, or to near 
base temperature (less than 100mK: base temperature will not be achieved with illumination on).  
Or, in the other extreme of exposure duration, the LED is turned on only at base temperature for 
a brief period (about one minute), where after the system is allowed to re-cool to base (20mK).   
Again, within this range of possibilities, the optimum illumination process will be specific to the 
heterostructure, with its own structure specifics.  In general, the shielded well samples are more 
illumination process tolerant than doping wells.  However, it is absolutely crucial to illuminate 
both types of heterostructures in their respective modes to achieve optimum 5/2 and 7/2 states.   
Given that the heterostructures are necessarily illuminated in order to function, the next 
process is energizing the gates.  As described above, the doping well samples’ gates must be 
charged at 4K, and this is performed but always with the LED off: no illumination is ever applied 
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during application of voltages to any gates in any type of heterostructure.  The shielded well 
sample gates can be energized in a range of procedures with respect to illumination.  Always 
considering that the illumination is applied before the gate voltages are applied, illumination can 
be applied at any temperature followed by gate charging, either immediately after illumination is 
off or after any level of time delay. It has been observed for some samples that if illumination is 
applied at low or base temperatures, transport subsequent to gating can be improved if the gates 
are charged while the sample is still warmed from the illumination.  It has also been observed 
that in some materials gating not temporally close to illumination but at base temperature later 
with a waiting period after gating before application of magnetic field may also improve sample 
operation.  All these illumination/gating time and temperature processes are best explored with 
each heterostructure type, following the general guidelines above for doping or shielded wells.   
An important property of illumination in shielded well samples with respect to gating is the 
“annealing” or “reset” effect of illumination on these heterostructures.  In general, a top gate 
device can be energized, and any residual effect from such gating can be erased by re-
illumination.  This provides a convenient means for testing devices in that following a gating 
procedure to some set of voltages, the device can be “reset” rapidly by returning to zero B-field, 
turning off all gate voltages, and re-illuminating the sample.  Gates can then be recharged 
according any chosen prescription without any residual effects from the prior gating.  Note again 
that illumination is always at zero gate bias, but also at zero magnetic field. 
 
C. Interferometer designs and heterostructure concerns: 
The two critical aspects of interference device construction are the total active area of the 
device and the structure of the back scattering top gates.  In addition, the orientation of the 
interferometer on the heterostructure with respect to the crystallographic axes influences device 
operation.  These points are reviewed below, followed by tabulation of the samples and their 
interferometer device dimensions.  
The total active area of the interferometer is some area smaller than the lithographic area 
shown in Figure 1, main text.  With charging of the gates that define the area, gates , and , the 
lateral potential from the edges of those gates will deplete the 2D electron system away from the 
edges and toward the center of the area marked @.  The depletion from these edges extends 
inward dependent upon the depth of the 2D system and the magnitude of the depletion voltage 
applied to the gates. This depletion away from the gate edges and into area @ results in an active 
area much smaller than the lithographic area.  The active area is the area with the edge current of 
the charge corresponding to the bulk filling factor, which is both the bulk filling factor outside 
the interferometer and what should be the same filling factor through the center point of the 
constrictions and the center of the area @. Note that a series of edge currents will populate the 
space from the inner most edge, the bulk edge current, to the fully depleted edge, and these 
currents will correspond to the states between the bulk filling factor and zero filling factor.  
Proper operation of the interferometer produces reflection only of the inner most edge currents.  
The interference devices employed in this study have lithographically defined borders 
ranging from 2µm x 2µm to 6µm x 6µm. The depth of the 2D electron system in all devices is 
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approximately 200nm from the surface. The applied gate voltages are between 2 and 10 Volts; 2 
Volts accomplishes full depletion in a sample of density 4 × 10SScm-2.  These voltages and 
dimensions determine that the active areas are on the order of or less than one square micron.   
The backscattering top gate dimensions are important in interferometer operation, both the 
lithographic separation marked 89 in Figure 1, and the width of the gates. The width of the gate 
defines the path length over which the edge currents are brought into proximity, and in 
conjunction with the separation 89 define the potential tunneling paths for the edge currents.   In 
5/2 interferometry, the crucial condition to achieve is transparency of the interferometer to 5/2; 
the state must extend continuously through the constrictions serving as backscattering “mirrors” 
and the active area. The backscattering gate width and separation 89 will determine this 
transparency.  The voltage applied to these gates nominally must completely deplete the 
underlying 2D electrons, and the separation dimensions must accommodate this condition but 
still facilitate 5/2 transparency.  It is important to reiterate that the backscattering gates are not 
operated as quantum point contacts: the region within the constriction sustains the gapped QH 
state and is not depleted to the point that transport is dominated by charging energy inside the 
active area. In practice, a large separation 89 can be used and compensated by a large range in 
applied gate voltage: typical 89 is 1µm, with 4 volts applied.  
Finally, the crystallographic orientation of the heterostructure wafer and the interferometer 
direction from backscattering to backscattering gates must be considered.  Reentrant quantum 
Hall states surround the 5/2 states and suppressing these improves interferometry for that state.  
The reentrant phase can be affected by aligning the (110) orientation with the backscatter to 
backscatter gate direction.  
 
FIGURE AND TABLE CAPTIONS. 
Fig. S20.  Schematics of three different heterostructure designs displaying the layering structure 
in GaAs and AlxGa1-xAs materials. The substrate level is on the right, top of the wafer is on the 
left.  These schematics provide only a general picture of the wafer constructions, as the growth 
conditions (temperatures, stops, etc.) are not included.  
TABLE ST2.  Sample and device parameters.  The sample number corresponds to the labeling 
used throughout the manuscript.  Area is the lithographic area of the devices as defined by the 
inner dimension of the gate set bounded by the , and  gates.  The constriction width marked 89 in Figure 1 schematic is the lithographic dimension and is the gap in this chart.  The device 
type is from the set of three electron micrographs of Figure 1, standard (left), top gate (middle), 
central dot (right). 
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sample         area (µm x µm)   gap (µm)               device type                  
1 3.6x3.6 1.1    central dot
2 2.5x2.5 1.1 standard
3 3.6x3.6 1.1 standard
4 3.6x3.7 1.1 standard
5 5.7x5.7 1.1 standard
6 3.6x3.6 1.2 central dot
7 2.5x2.5 1.2 standard
8 3.6x3.6 1.0 top gate
9 4.6x4.6 1.0  standard       
10 5.7x5.7 0.9 standard
11 4.6x4.6                1.2 central dot
TABLE ST2
Sample/device parameters
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Section 4:   methods –measurements  
 
A. Signal measurement and signal size 
1) measurement  
2) Signal size 
B. Data analysis: resistance to fast Fourier transform power spectra 
1. :; or :< data range selection 
2. subtraction of background 
3. FFTs 
 
A. Signal measurement and signal size 
The measurements are of resistance either across interferometer devices or bulk 2D systems 
(longitudinal :; or :==, or Hall :< or :=> respectfully) using four terminals on the sample. They 
are constant current measurements where a fixed a.c. voltage drives current through a load 
resistor (typically 100M Ohms): the resultant currents used are 2nA or less. The relatively large 
separation (89) of the interferometer constrictions employed here allows larger currents to be 
applied as heating is not as big a threat as would be the case for a true quantum point contact. 
The AC voltage driving the current provides a narrow frequency band excitation to which lock-
ins are used to sense the voltage drops across two terminal sets on the sample. Low frequency 
excitations are used:  typically from 7Hz to less than 100Hz.  Gate voltages are applied using low 
noise voltage sources that are further filtered, and any leakage current is assessed during 
measurement.  Gate failure through leakage into the 2D electron system is not a subtle finding. 
Signal size of the interference resistances at 5/2 has increased with the quality of 
heterostructure materials used and has posed challenges in early measurements.  The overall 
resistance value of a longitudinal measurement around the 5/2 complex is around 2k Ohms, but 
the interference oscillations are much smaller:  in less optimal material, the   oscillations are 
around 10 Ohms, and the non-Abelian oscillations (4 & 6  or 5  for 5/2 ) are roughly 2 Ohms 
(see supplemental Figure S8, panel C, and S4 panel C).  In optimal to date material, the   
oscillations are 10 to 30 Ohms, but more importantly the non-Abelian oscillations can be 20 to 
30 Ohms (see Figure S3), a factor of ten improvement.   The non-Abelian oscillation amplitude 
is the target for measurement.  
Note the noise levels in the majority of the measurements shown in this study are 
conservatively at about 0.5 Ohms.   In the low amplitude version, non-Abelian amplitude of ~ 2 
Ohms, signal filtering would be typically as follows:  a lock-in sensitivity of 5 to 10µV would 
use a lock-in time constant of 1, 3, or 10 seconds, with a magnetic field sweep rate of < 20 
Gauss/min.  This would provide some latitude for digital data averaging, but this averaging is not 
typically exercised – the data presented in this study are with no digital averaging or no 
averaging using multiple different B-field sweeps unless explicitly stated. The magnetic field 
sweep data is presented as single sweeps that are representative of sets of repeated sweeps: 
averaging different sweeps offers the risk that unappreciated data could be lost in the 
presentation.    The better heterostructure material interferometers displaying non-Abelian 
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oscillation signals 20 to 30 Ohms still have noise levels of ~0.5 Ohms, and because of this the 
measurement time constants have been dramatically reduced; time constants of 0.3 seconds are 
used with magnetic field sweep rates at maximum 100Gauss/min but typically much less. Again, 
single sweep data is shown in these cases as well.  
 
B. Data analysis: resistance to fast Fourier transform power spectra 
Data analysis for the examination of power spectra follows the simple steps of selecting the 
proper range of this data around 5/2 or 7/2 to examine, subtracting the background from :; or :< data, and finally performing the fast Fourier transform. 
Determining the proper range of data around the target filling factor, 5/2, 7/2 or other 
fractional or integer filling involves examining the raw :; or :< data and establishing the high 
and low magnetic field limits to the correlated states.  In :; data this is usually a simple case of 
establishing the B-field range of the overall minimum, although it can be difficult for 5/2 and 7/2 
due to the adjacent re-entrant integer Hall states.  Examples are S8 panel a or S14: the :; data 
there show only minor distinct transitions from the lateral re-entrant phases to the 5/2 state.  In 
such cases multiple ranges are selected centered around the minimum, extending from small to 
larger magnetic field extents, and the transition points away from the fractional states can usually 
be detected by inspection; if not the most typical spectrum is used. In most circumstances 
however, a distinct change in slope of the resistance can be found, and these points typically 
delineate the boundaries of the 5/2 or 7/2 state range used for the FFT spectrum. 
The background is determined by either a polynomial fit to the :; or :< data or by applying 
a multiple point smooth. Both are iterative processes.  For instance, in the smoothing method a 
guess is made about the lowest frequency oscillation present (often apparent in the :; or :< 
data), the number of points over which the smoothing is applied is a number that is larger than 
the number of points in that lowest frequency, and the smooth and subtraction of that smooth 
from the primary data are applied. Then another smooth of a larger number of points is applied to 
the original :; or :< data to see if lower frequency components are exposed than were present in 
the first subtraction. Several of these checks are applied to rule out missed spectral peaks.   
The fast Fourier transform is applied to the  :; or :< data selected range that has its 
background subtracted.  The standard FFT applied uses a rectangular window method, and these 
resultant power spectra are usually checked against other window methods for consistency: 
Welch, Hanning, Hamming, and Blackman.  
Power spectra from single magnetic field traces are presented throughout this study, and 
single power spectra are also shown; no power spectra averaging is used unless explicitly stated. 
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Section 5:  interferometry pertinent topics 
A.   peak oscillations and the interferometer 
B. Coulomb dominated versus Aharonov-Bohm 
 
A.    peak oscillations and the interferometer 
  Closer examination of the interference process at the borders of the integer filling factor 
can help to understand how charge traverses the interferometer. Figure S21, panel a, shows :; 
transport through an interferometer from filling factor 3 to below 2, and importantly along the 
high B-field side of 2. Note that as B-field is increased to filling factor below the integer state at 
2, resistance increases well above that in the 3 to 2 complex around 5/2.  This resistance increase 
indicates more and more backscattering from one side of the 2D electron system to the other 
counter current flow side: this is true even in the absence of the interferometer device, albeit at 
B-field values further from ν=2 than shown here. The interference oscillations of the device can 
be used to demonstrate progression of the backscattering process as this high field side of ν=2 :; 
increase occurs. Panels b) and c) show the B-field range that includes the resistance minimum at 
2 and at higher B: in both panels a background has been subtracted to show the interference 
oscillations.  In panel b) an averaging over about 1.4kG is subtracted; this is a large range 
subtraction that reveals just the longest wavelength oscillations of the  :; trace, and due to the 
large range has some systematic error over the :; section at which the resistance turns up 
abruptly (near 78 to 79 kG). However, this subtraction reveals large period and magnitude 
oscillations above 79 to 80kG.  Panel c) uses an averaging range of about 0.3kG which is 
subtracted, and this reveals a distinct single small period oscillation set with maximum amplitude 
at less than 79kG, and diminished oscillations at higher B-fields.  These small period oscillations 
are due to reflection – backscattering – at the constrictions (,) of the interferometer. This period 
oscillation is pervasive throughout the integer Hall states, with an example of that period 
oscillation shown in panel d) but from near filling factor 3.  This periodicity is much smaller than 
that which is shown above 80kG in panel b; both are Aharanov-Bohm oscillations, but the small 
period is consistent with backscattering at ,’s, and so consistent with an active area @ of the 
interferometer. The large period AB oscillations of panel b) show backscattering encircling a 
smaller area (by about a factor of 4 to 5).   This indicates backscattering within the area @.  This 
is the same backscattering or edge to edge charge transport process observed in the bulk away 
from integer filling.   
 One can consider that the backscattering gates , facilitate charge transport from one side 
to the other of the device, and so the Hall system; different processes can mediate this transport.  
This process can occur through tunneling through a gapped state system between the current 
edge states, or from percolative scattering through a filling factor background that is not gapped.   
Both can produce AB oscillations.  The , gates in both cases provide the highest probability 
position for the backscattering to occur.  Away from the quantized Hall states the backscattering 
can be promoted at particular paths not between the , gates.   These paths can be due to 
anisotropies in the heterostructure materials, such as those that produce the asymmetric surface 
morphologies observed in these systems.  These “rogue” paths are a reason that the larger an 
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interferometer can be made, the better to inhibit errant backscattering, limited clearly by the 
finite coherence length of the edge charges. 
 
FIGURE S21. Panel a) resistance through an interferometer :; from filling factor 3 to less than 
filling factor 2. Panel b) to d) Δ:; over the respective B-fields of each plot.  Panel a) subtracts a 
moving average of ~1.4kG from :; , while panels c) and d) subtract a moving average of 
~0.3kG.   Note the large period oscillations associated with the highest resistance displayed, and 
also note the similar small period oscillations on the high B-field sides of both filling factors 2 
and 3.  Temperature is 25mK, sample 7, preparation 2. 
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B. Coulomb dominated versus Aharonov-Bohm effects 
 An important issue in quantum Hall interferometry is whether the observed oscillations 
are due to the Aharonov-Bohm (AB) effect or due to Coulomb domination: is the electron 
system keeping the same area as B-field is swept, so that quasiparticle charge injection is into a 
fixed area state, or is the area changing upon sweeps to accommodate the system energy altered 
by the changed B-field. 
 The interferometer devices used in this study are lithographically at least 2µm x 2µm in 
area, and typically larger so that Coulomb domination is not likely.  However, the edge potentials 
from the gates produce substantial lateral depletion, resulting in small active areas, typically < 
1µm x 1µm. In order to determine that the AB effect is at play, two measurements can be made 
at integer filling: a) in the AB effect, the period of oscillations for the different integer fillings (2, 
3, 4, 5,…) should be the same; in Coulomb dominated systems, the period changes linearly with 
B-field, and b) in the AB effect, maps of constant phase when examining plots of resistance 
versus B-field versus side gate voltage  should show a negative slope; addition of area and of 
flux are the same.  Both of these conditions have been displayed for our sample sets.  In the data 
of Figure S22a, resistance oscillation periods are measured at integer filling factors from ν=2 to 
12, period plotted versus their respective B-fields.  The period does not change significantly over 
this large filling factor range, consistent with AB oscillations as the origin.   Figure S22b shows a 
plot of a single integer filling factor oscillation set as B-field and side gate voltage are changed; 
the y-axis is a cascade of the resistance over steps in side gate voltage and sweeps of the B-field. 
Note that the constant phase in the oscillations has a negative slope, as expected for AB 
oscillations, while a positive phase slope would indicate Coulomb domination. In different 
samples/devices used in this study, further consistency with AB rather than Coulomb effects is 
demonstrated: In Figure S21, the periods for filling factors 2 and 3 are the same in the panels c) 
and d); a better representation of this fixed period is in reference 21, main text.  The negative 
constant slope plot for a shielded well sample as used in this study is also demonstrated in 
reference 21. 
 The nature of the heterostructures used here and their preparation are crucial to 
understanding how they demonstrate AB oscillations and not Coulomb domination.  The 
structure of the shielded well sample, that which is used throughout this study, is such that it 
intrinsically inhibits charge accumulation needed for Coulomb domination.   As shown in Figure 
S20, the shielding wells are grown on either side of the principal quantum well, and these wells 
collect some charge from the dopant layers, facilitated by illumination of the sample.  In the 
selection of the proper growth parameters for these heterostructures, dopant levels are adjusted to 
just eliminate parallel conduction observed in transport measurement over large areas.  This 
titration of the doping will certainly leave a nominal charge movement in the shielding well 
layers that will act to counter any charge accumulation in the principal well.  It is this screening 
or shielding mechanism that produces the ultra-high mobility of the heterostructure, and also the 
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elimination of charge accumulation during B-field sweeps.  Both the shielded well structure and 
the process of illumination to populate the shielded wells are necessary to screen charge. 
 
FIGURE S22.  Aharonov-Bohm versus Coulomb domination measurements. Panel a) integer 
filling factor interference periods versus B-field position for sample 6, preparation 3.  The 
periods do not change significantly over a filling factor range of 2 to 12, consistent with 
Aharonov-Bohm oscillations and in contrast to Coulomb dominated oscillations.  Temperature is 
25mK.  Panel b) Resistance oscillations at/around filling factor 3 (sample 6, preparation 3) for B-
field sweeps (x-axis) and for different side gate () voltages (y-axis): for each different voltage 
, the B-sweep data is offset in the y-direction.  The B-field sweeps include up and down 
excursions, the  range is shown on the right vertical axis, and the resistance scale is on the left.  
This cascade or waterfall plot reveals the relative phase change of the resistance oscillations with 
changes in B and ; a negative slope of the constant phase points is expected for Aharonov-
Bohm oscillations, a positive slope for Coulomb effects.  The data show a predominance of 
negative sloped constant phase. The top gate voltages (, and ) are comparable to those used in 
the measurements shown in the data of the main text and supplemental data.  , = -3.0 V,  as 
shown. Temperature is 25mK.  
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